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“3 8 Preparative Ultracentrifugation gives the ultimate 
in fractionation according to size, density, or both 





Density gradient (or zone) centrifugation is a rapidly developing 
major technique for achieving separations by centrifugal means. | 
The method has many uses for separation, identification and 
quantitation. It is ideal for analyzing cytoplasmic homogenates | 
...individual components from a mixture can be separated for 
chemical or biological assay...materials of identical size but 
differing slightly in density, or those of similar density but differ- 
ing slightly in size, are readily distinguished and isolated. 


The powerful 

technique of 

DENSITY GRADIENT 
rol tet elcy-Wele). 


STABILIZING DENSITY GRADIENTS 


Gradients can be formed either before Rate Separations—In this density In this 


a. 


centrifugation begins, by layering solu- 
Lace) Me) Meltivoacelmucs(ucelse-tale ewe) amit lom 
stance such as sucrose—or they can be 
iCoyeentcremelbiatetmucietaatarl-eclaleyeMoymaetcm ace te 
ec lolelaleemem-BeetctecetlMllccmuccittemeslteete(s 
under the influence of centrifugal force. 


gradient method, particles migrate from 
the top of the tube at different rates 
depending on their size, shape and den- 
sity. Slight differences in density can be 
exaggerated by changing the density of 
the solution in the centrifuge tube. 


Equilibrium Separations 
method, particles seek, their own density 
levels in the tube and attain equilibrium 
positions which are dependent upon den- 
sity alone. Resolving power in separating 
materials is dependent upon the magni- 
fabte(cme) MaeCcme(oeliiameseclel(oola 


. 





The standard equipment for doing density gradient work is the 

Model L Preparative Ultracentrifuge (left) and SW-39 Swinging 

Bucket Rotor (above). The rotor operates at speeds to 39,000 
/ rpm, generating 173,000 g at the outer tube edge. 

Let the Model L with its outstanding ability to speed 
through jobs—both routine and exotic—start working for you 
now. Write for full technical information including: a description 
of the instrument; an applications chart showing types of mate- 
rials which can be run (with rotors, times, speeds and references); 
a new paper summarizing density gradient techniques and how 
to use them. 

Address: Beckman Instruments, Inc., Spinco Division, 
Stanford Industrial Park, Palo Alto, California, and ask for 
Data File L-5. 
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Beckman Instruments, Inc. 





SALES AND SERVICE FACILITIES ARE MAINTAINED BY 
BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 
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Here Are the Many 


Fields Covered: 


ACOUSTICS 
AERONAUTICAL 
AIRFRAMES 
AGRICULTURE & SOILS 
ANIMAL ANATOMY 
PLANT ANATOMY 
ANIMAL SYSTEMATICS 
ASTRONOMY 
ATOMIC, MOLECULAR AND 
NUCLEAR PHYSICS 
BIOCHEMISTRY 
BIOPHYSICS 
CHEMICAL ENGINEERING 
ANALYTICAL CHEMISTRY 
INORGANIC CHEMISTRY 
ORGANIC CHEMISTRY 
PHYSICAL CHEMISTRY 
CIVIL ENGINEERING 
COMMUNICATIONS 
CONSERVATION 
CONTROL SYSTEMS 
CYTOLOGY 
ANIMAL ECOLOGY 
PLANT ECOLOGY 
ELECTRICAL 
ENGINEERING 
ELECTRICITY 
ELECTRONICS 
FLIGHT SCIENCE 
FOOD ENGINEERING 
FORESTRY 
GENETICS & EVOLUTION 
GEOCHEMISTRY 
PHYSICAL GEOGRAPHY 
SURFICIAL AND 
HISTORICAL GEOLOGY 
GEOPHYSICS 
GRAPHIC ARTS 
GROWTH AND 
MORPHOGENESIS 
HEAT 
INDUSTRIAL AND 
PRODUCTION ENGG. 
LOW TEMPERATURE 
PHYSICS 
MACHINE DESIGN 
MATHEMATICS 
MECHANICAL POWER 
CLASSICAL MECHANICS 
METALLURGICAL 
ENGINEERING 
METEOROLOGY AND 
CLIMATOLOGY 
MICROBIOLOGY 
MEDICAL MICROBIOLOGY 
MINERALOGY AND 
PETROLOGY 
MINING ENGINEERING 
NAVAL ARCHITECTURE 
AND MARINE: ENGG. 
NUCLEAR ENGINEERING 
OCEANOGRAPHY 
OPTICS 
PALEONTOLOGY 
ANIMAL PATHOLOGY 
PLANT PATHOLOGY 
PETROLEUM CHEMISTRY 
PETROLEUM ENGINEERING 
GENERAL PHYSIOLOGY 
PLANT PHYSIOLOGY 
SOLID STATE PHYSICS 
THEORETICAL PHYSICS 
PLANT TAXONOMY 
PROPULSION 
PHYSIOLOGICAL AND 
EXPERIMENTAL 
PSYCHOLOGY 
INVERTEBRATE ZOOLOGY 
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The Entire Span of Today’s Scientific, Engineering 


and Technical Knowledge Encompassed in a Monumental 
Reference Work Containing 8,500 pages of Text, 


> g00 Index Pages, 7,200 Articles and 9,700 Illustrations 








; The New 
McGRAW-HILL 


ENCYCLOPEDIA OF 


SCIENCE and TECHNOLOGY 


2,015 Contributors, including Nobel Prize Winners, Respected Leaders of Research and 
Industry... Over 6,000,000 Words — from Concise Articles to Amazingly Comprehensive 
Treatments ... 100,000-Entry Index ...a Wealth of Maps, Charts, Diagrams, 
Drawings, Photographs ... many more than in any comparable work of reference. 


N epoch-marking publishing venture — pro- 
viding up-to-date, authoritative information 
on all the sciences of our day — is being com- 
pleted. The new McGraw-HILL ENCYCLOPEDIA 
OF SCIENCE AND TECHNOLOGY will make readily 
accessible within its 15 volumes a vast fund of 
knowledge covering hundreds upon hundreds of 
subjects dealing with the whole spectrum of the 
physical sciences, life sciences, earth sciences, 
and engineering. 

This major work fulfills a prime need of the 
scientist, the engineer, the technician — whether 
concerned with pure research or practical ap- 
plications — whether his work is of a design or 
operating nature — whether he wants to review 
or keep abreast of the vastly enlarged knowledge 
of his own field or must bridge the gap between 
his specialty and unfamiliar areas into which 
his work leads him. 


Unequalled in Timeliness, Clarity, Depth 


This unique library makes it possible for you to have 
as near as your Office, laboratory, plant, or home an 
all-knowing corps of specialists to which you can turn 
for precise, authoritative information. You can get 
answers to specific questions.raised through daily pro- 
fessional activities or simply explore in a random way 
the universe of today’s scientific, engineering, and 
technical knowledge — distilled into 7,224 compre- 
hensive articles. Whatever your own field, whatever 
field your work is related to, you will find it here. 


A Work of Unsurpassed Authority 


The names of the contributors read like a ‘Who's 
Who” of the world’s scientific community. All are 
recognized specialists — in many instances, articles 


SCIENCE is published week, by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, 


additional mailing office. Annual subscriptions: 


were written by the very person credited with new 
discoveries and developments in a given field. Among 
them are Nobel Prize Winners and others who have 
distinguished themselves for their original and sig- 
nificant work. 

Nothing comparable in breadth of conception, in 
authority, in usefulness, has ever before been offered 
in a reference work of this kind. As an all-embracing 
general reference or a practical working tool, this 
Encyclopedia belongs in the home and professional 
library of everyone with an interest in science and 
engineering. An annual Supplement Volume keeps 
it always up to date. 

By reserving your first edition set now, you will 
enjoy the benefit of a special money-saving introduc- 
tory price. Mail the coupon for full details. 


fT MAIL THIS COUPON =O) 


McGraw-Hill Book Company, 
327 West 41 Street, 
New York 36, New York 


Please send me without obligation your pre-view 
brochure on the new McGraw-HIitt ENCYCLOPEDIA 
oF SCIENCE AND TECHNOLOGY in 15 volumes; also de- 
tails of your introductory price offer and terms of 
payment. (No salesman will call.) 
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D.C. Second-class postage paid at Washington, D.C., and 


$8.50; foreign postage, $1.50; Canadian postage, 75¢. 




















iso-octane 


methyl cyclohexane 


cyclohexane 
methyl cyclopentane 















































This chromatogram was run on a 
Model 154-D Vapor Fractometer, 
utilizing a 150’ squalane “y” 
Golay* column. Detector was of 
the flame ionization type. The 
chromatogram displays high-effi- 
ciency separation of a number of 
Ca-Ce saturated hydrocarbons. 


3-methy! pentane 


n-Ce> 


n-C4 


* Patent No. 2,920,478 


2-methyl pentane 


n- Cs 


i-Cs 
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The Perkin-Elmer Model 154-D 
Vapor Fractometer. 
































PERKIN-ELMER PRESENTS 


THE MODEL 154-D VAPOR FRACTOMETER 


...@ totally new concept in analytical versatility 


Although a relatively young science, gas chromatography has 
advanced with giant strides since its introduction in 1952. 
And Perkin-Elmer, designer and producer of the first com- 
mercial gas chromatograph, keeps pace with its progress with 
the new Model 154-D Vapor Fractometer. 

This latest member of the famous 154 series of Perkin- 
Elmer gas chromatographs combines, in one versatile unit, 
the latest advances in instrumentation: Golay (capillary) 
columns, ionization detectors, precise micro-sampling tech- 
niques. To match the increased performance demands of 
these revolutionary new developments, new and more rugged 
components have been introduced in critical areas of the 
Model 154-D. Added to the superlative regular features of 
the 154 line, these provide, in one instrument, the utmost in 
analytical versatility, reliability and precision. 

Versatility: The outstanding attribute of the new Perkin- 
Elmer Model 154-D is its exceptional analytical versatility. 
Precise, reproducible sampling of gas and liquid micre- and 
macro-quantities and specialized “micro-pilot-plant” acces- 
sories provide complete sample introduction capability. For 


Talented engineers and physicists at all levels 
interested in development of commercial laboratory 
scientific instruments find great reward at 
Perkin-Elmer. Please write or call Mr. Howard Moran. 
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partition analysis, the Vapor Fractometer may be operated 
in any one of the following modes: 


1, standard packed columns with thermal conductivity 
detection; 


2. Golay columns with ionization gauge detection; 


3. standard packed columns with ionization gauge detec 
tion; and 


4. in parallel operation, using packed columns-thermal cor 
ductivity detection, and Golay columns-ionization gauge 
detection. 


For these varied modes of operation, a complete selection of 
column designs and stationary phases is available to meet any 
samplesituation. Four detectors are offered as standard acces 
sories, providing a choice to handle specific analytical needs. 

Complete details on the Model 154-D Vapor Fractometer 
are provided in « new brochure. Send today for your copy 
to: Perkin-Elmer Corporation, 910 Main Avenue, Norw 
Connecticut. 


IN. S.T-RU MEN TeV teen 


Perkin-Elmer Gyniin. 


NORWALK, CONNECTICUT 
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hroma-pure fractions 100 times larger...vastly superior infrared spectra...with the new Beckman 
Megachrom* preparative gas chromatograph** and the IR-4 Infrared Spectrophotometer. 4% The 


Megachrom instrument separates ultra-pure fractions in quantities not possible with standard 


chromatographs. This allows the analyst to use a single ultra-pure fraction for many different 
studies. The quality of the fractions—up to 99.9999% pure— changes concepts of infrared spectra. This 
permits heretofore impossible analyses of one’s own or competitive products. % You can apply to 
these Megachrom-pure fractions all the advantages of the double-beam, double monochromator 
JR-4: unmatched resolution at a given scanning speed...unmatched scanning speed at a given reso- 
lution...unsurpassed photometric accuracy...unmeasurable stray light interference...and a complete 
line of accessories for versatility of use. % Beckman also offers the GC-1 Gas Chromatograph for 
routine applications...the GC-2 for research as well as quality control...the low-cost, double-beam 
IR-5 Infrared Spectrophotometer for routine use...the prism-grating, double-beam IR-7 for 
research. For more information write for Data File 38-35-04. Beckman: 


Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 


2500 Fullerton Road, Fullerton, California 
* TRADEMARK OF BECKMAN INSTRUMENTS, INC. ** PATENTS APPLIED FOR 


INSTRUMENT, MEGACHROM 


es 80 7s 7» 30 2s 20 s ” 
TME IN MINUTES 
Chromatogram of 5.0 ml. of commercial 99% ethylbenzene fractionated on 
Megachrom. (Megachrom can handle as much as 20 ml.) Note resolution of 
contaminants which total only 1% of injected sample. 


. ® 0 " iP) 
| WAVELENGTH IN MICRONS | " 


Infrared spectra of Megachrom-pure ethylbenzene (upper curve) and unpuri- 
fied commercial ethylbenzene (lower curve). Impurity bands are circled. 
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Infrared spectrum of 0.1 microliters of o¢-methy] benzyl alcohol, a contaminant 
collected by Megachrom. With ordinary chromatograph, collection of this quan- 
tity of fraction for infrared or other analysis would be tedious or impossible. 
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ZETOPAN 


A truly universal microscope for 

ALL microscopic investigations. 
Ingeniously designed for maximum 
working comfort and operational 

ease. All transitions are instantaneous, 
versatility unlimited. 
Built-in illuminating systems 
for transmitted, reflected 
and mixed light. 




















Phase and “Anoptral” Contrast 
Fluorescent Illumination 
Universal Condensers 

Cine and photomicrography 
Components for polarization 
and metallography 

© Complete range of objectives 
and eyepieces 


— 


Request a demonstration or write for catalog 


WILLIAM J. HACKER & CO., INC. 





P. O. Box 646 CApital 6-8450 West Caldwell, N.J. 
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Low Cost 
Production 
Freeze-Drying 
with the 





RePP 
SUBLIMATOR 
40 


LARGE CAPACITY FREEZE-DRYING —Forty pounds of product load, or 
as many as 1,300 10 ml. vials can be processed at one time. 
COMPACTNESS -— Because condensing coils and materials to be freeze-dried 
are contained in the same vacuum chamber, the equipment is re- 
markably compact, measuring only 46” long, 31” wide, and 60” in 
height. This unique new design eliminates the need for a separate 
condensing system and increases drying efficiency. 

SHORT PATH MOLECULAR DISTILLATION —Sublimating water mole- 
cules travel a very short distance before they are condensed on the 
fin type cooling coils. 


COMPLETE AUTOMATION — Samples freeze-dried in containers such as 
serum bottles or bulk dried in the four stainless steel trays provided, 
need little or no attention in this fully automatic instrument. Mechan- 
ical refrigeration freezes the samples then thermostatically controlled 
warm ethylene glycol circulates through the shelves supplying pre- 
cisely the right amount of heat to the frozen product to insure 
efficient drying rates. 

FULL VISIBILITY — Large glass clear Lucite vacuum chamber closure permits 
complete visibility of the material being dried. 


NO PLUMBING OR ACCESSORIES REQUIRED — To operate, just connect 
to an electrical outlet. The sturdy white epoxy enameled steel cabinet 
houses the two separate refrigeration systems; one for freezing sam- 
ples, the other for condensing sublimating water vapor, the 13 cubic 
ft./ min. high vacuum pump and the heater and circulator for the 
ethylene glycol. The controls are conveniently located at eye-level 
in the recessed control panel. 

MOBILITY — The cabinet is mounted on four heavy duty casters and can be 
easily moved when required. 

STERILE OPERATION — The Sublimator is equipped with an electrical device 
which raises and lowers the tray covers while the trays are under a 
vacuum. Sterility is maintained in the trays even though the Sub- 
limator is operated in a non-sterile environment. 

STOPPERING UNDER VACUUM —For those applications in which the 
product must be freeze-dried in the final container and stoppered 
under the original vacuum, a vacuum stoppering mechanism is built 
into the Sublimator drying chamber. Four shelf, three shelf, and 
two shelf vacuum stoppering equipment is available. 


...AND SAVINGS Bij B 43 No. of 10 ml 
Bulk entice 
IN ORIGINAL EQUIPMENT MODELS Canali eng 
AND OPERATING COSTS ARE AVAILABLE Vials 
ARE SUBSTANTIAL. Sublimator 15 15 Ibs. 750 
For additional Sublimator 40 40 Ibs. 1300 


information write: Sublimator 100 100 Ibs. 5000 
REPP INDUSTRIES, INC. GARDINER, NEW YORK 
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Coleman Autoflow sample handling system 
speeds flame analysis by 300 percent 


This system reduces to a minimum the several 
steps ordinarily required in handling samples 
for flame analysis. Used with the Coleman 
Model 21 Flame Photometer, Autoflow lets 
you make determination after determination 
simply by pouring the sample into the input 
funnel and making an immediate reading on 
the indicating galvanometer. 

One technician using a single instrument 
can complete more than 1,000 measurements 
in a single day. 

Autoflow provides direct feed to the burner 
atomizer and instantaneous, pump-driven re- 
moval of unused sample. As little as 0.2 ml 
sample poured into the input funnel gives a 
full twelve seconds of reading time on your 


COLEMAN INSTRUMENTS, 


galvanometer ... then a touch of the Autoflow 
button purges the sample chamber and readies 
your instrument for the next determination. 

Simplicity in itself, the Autoflow system 
consists of a chimney ring, input glassware, 
integral pump and waste reservoir, and the 
necessary tubing. The Coleman Model 21 
Flame Photometer accepts the Autoflow 
system without any modification. 

Autoflow means opportunity for increased 
efficiency in process control and research labs 
straining under heavy routine analytical loads. 

Find out more about the convenience and 
speed available with the clean and lean 
Autoflow sample handling system. Write for 
our new Autoflow Bulletin SB-265 
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1-10.01KV 
0-10 ma 


MODEL 410A 





JOHN FLUKE precision High Voltage 
Power Supplies offer complete coverage up 
to 10 KV. In addition to high calibration 
accuracy, tight line-load regulation, fine 
voltage resolution, and excellent long term 
stability; many other plus features are pro- 
vided the design engineer. For example: 
difficulties resulting from corona, jitter, 
bounce or overshoot are non-existent in 
jf supplies. The capability of the John Fluke 
Co. to keep pace with industry demand is 
evidenced by the fact that most of these 
instruments have been introduced within 
the past year. 








Designed to power photomultiplier tubes 
and ionization chambers... for research 
and development of traveling wave tubes 
and backward wave oscillators. 
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MODEL 408A 





HIGH VOLTAGE POWER SUPPLIES 


500-1600V 
0-1 ma 


ed MODEL 402 


designed to 
meet your 


specific 


500-6010V 
0-20 ma 


600-3100V 
0-15 ma 


MODEL 40 


























MODEL VOLTAGE | currenr| _nesucarion_| STABILITY | MAX. RIPPLE) RESOLUTION PRICE 
MO9A —170-1530V | 0-3ma | 0.01%! 0.4% 0.02% | 0.002% | 85Vsteps | $395.00 
402M 500-1600v | 0-1ma | 0.03%] 0.03% | 0.01% Smv 100mv $320.00 
412A = 500-2010V | 0-15ma{ 0.01%} 0.01% | 0.005% Smv mv $455.00 
405 —600-3100V | 0-15ma| 0.01%) 0.005%} 0.005% Smv 10mv | $595.00 
OBA 500-6010V | 0-20ma| 0.01%| 0.01% | 0.005% | — Smv 1omv | $695.00 
410A 1000-10,010V; 0-10 ma 0.01%| 0.01% | 0.005% Smv 10mv | $1095.00 








All prices quoted, F.0.B., Factory, Seattle. Prices and technical data subject to change without notice. 





Tel Lael da) MANUFACTURING CO., INC. 


P. O. BOX 7161, SEATTLE 33, WASHINGTON 
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Tommy is having a ball. But, while these bandages may 
make amusing playthings, their real purpose requires abso- 
lute sealed-in sterility. That’s where Castle Engineered 
Sterilization, or ‘‘CES,’’ comes in. 

CES research provides the know-how and equipment to 
sterilize a thousand and one such hard-to-process items— 
from adhesives to photographic film. All sterilization is its 

province—the product, package, packaged product, selec- 
See ain MEET UF aoe ptodecs with tion and operation of equipment, and the handling, storage 
ovt lenedint: Saree and shipment of sterile supplies. 


Whatever your problem, if it involves sterilization, you 


" 


t 


li : 
| , i a z ; can count on Castle Engineered Sterilization for the answers. 
a> : : 


X ; ¥ , WRITE today for literature. Initial CES research 
. ve re " and planning are without cost. 
} 


CES PROCESS DEVELOPMENT will research and “pilot LIGHTS AND STERILIZERS 
test’’ your production process for you, for best integration 
WILMOT CASTLE CO., 1713-8 E. HENRIETTA RD., ROCHESTER 18,- N.Y. 


of sterilization, 
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Model XX! 


Designed and Manufactured by 
E. H. SARGENT & CO. 


Model Ill Polarograph—S-29290—Manual, Indicating. 
Recommended for: (1) those routine analyses where only one 
substance is determined and where the curve shape approxi- 
mates a pure form, characteristic of reversible reactions in- 
volving simple ions in fairly substantial concentrations. In 
such cases, step height may be measured as the difference 
between two points, one on the residual current plateau and 
one on the limiting current plateau; (2) instructional purposes 
in educational institutions where the 315 mm long, readily 
visible scale and the simplicity of design make the Model III 
Polarograph ideal for teaching and for illustration of the basic 
circuit employed in Polarographs. 

Model XII Polarograph—S-29301—Photographic Re- 
cording, Indicating, Sargent-Heyrovsky. The least ex- 
pensive of all recording Polarographs, for the occasional user 
of polarographic measurements. 


— 






Model Ill 


sarcent POLAROGRAPHS 


be for all Polarographic Applications in Research and Control Analysis 


SAI 4 G E N y SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 







Model Xi! 









Model XV 


Model XV Polarograph—S-29310—Pen Recording (Pat. 
No. 2,931,964). Recommended: (1) as the fastest, most ver- 
satile and easily learned facility for regular analytical schedules 
requiring both accuracy and speed; (2) for university courses 
in instrumental analysis; (3) for ultra-sensitive trace analysis 
in conjunction with the Sargent Micro Range Extender. 
Model XXI Polarograph—S-29303—Pen Recording, Po- 
tentiometric. Recommended: (1) where there is desirable 
the maximum flexibility in both current and voltage axes to 
permit the expansion and detailed inspection of any portion 
of a step as in research studies or the development of analytical 
methods; (2) for use in extended time studies at constant 
applied voltages, of rates of reaction, respiration studies, etc. 
where a continuous recording of current is advantageous. 
For complete information on these Polarographs and Acces- 
sory Equipment write for Bulletin P. 


®Trademark Reg. U. S. Pat. Off. 





E.H. SARGENT & CoO., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 


DETROIT 4, MICH.« DALLAS 35, TEXAS ¢ BIRMINGHAM 4, ALA. « SPRINGFIELD, N.J, 











chromatogram scanning of tritium 


The VANGUARD MODEL 800 AUTOSCANNER leads the way to better 
analysis. Designed for maximum tritium sensitivity and employing the most 
advanced circuit techniques, the AUTOSCANNER offers the investigator unparal- 
leled performance and reliability, while exhibiting truly remarkable efficiency for 
all beta emitting isotopes. 


the Model 800 
Autoseanner 


a we Aomdonl 
oh encellener 





Advanced features of the AUTOSCANNER include: 


Completely automatic operation frees personnel for other duties. Power and gas 
flow are automatically shut-off after scanning period. When scanning connected 
multiple strips, individual strip length is monitored and permanently recorded on 
the chart paper. 


Specially designed dual scanning heads represent a major achievement in sensi- 
tivity for low energy radiation detection. 


Completely transistorized circuitry incorporating plug-in modular construction 
eliminates all maintenance problems. 


Further information and specifications may be obtained by writing to: 





Vanguard Instrument Company 
Department A 
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VANGUARD 
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FEATURING: 


@ temperature controlled 
to 0.01°C—range 
0 to 100°C 

e@ long life brushless 
induction motor 

@ accurate magnetic 
control of temperature 
settings 

@ internal relay—no 
separate relay box 

@ up to 244 gpm 12L|min) 
controlled circulation 

@ additional reading 
thermometer provided 

@ accessory cooling coil 
available 








And the BRONWILL 


WARBURG APPARATUS 


Circular shape and small diameter (2014”), conserves 
space, permits locating unit against a wall or in a 
corner. Rotates through 320° to bring any manometer 
in front of the observer for reading. Fourteen manom- 
eter positions are provided. 


e@ Designed for compactness—operates on any laboratory bench. 


@ Magnetic thermoregulator adjustment—temperatures 
0 to 50°C present in minutes. 
Unique double capillary manometers—stronger and easier to read. 
@ Electrode heating system—lagless—no overshooting. 
Reaches operating temperature in 20-30 minutes. 
@ Interchangeable factory calibrated manometers and reaction 
vessels available. 


e@ Temperature constancy plus or minus 0.01°C. 


FOR PHOTOSYNTHESIS — MODEL UVL. .. CAT. NO. 10 


Bath chamber is transparent Plexiglas through which the light is trans- 
mitted from fourteen 40-watt tungsten filament lamps, mounted on the 
oscillating manometer platform directly below the reaction flasks. The 
distance between light source and reaction flask remains constant. 
Concentric-mounted fan to dissipate heat from the lamps is positioned 
so that the blades do not pass through light beam between lamp and 
flask. Special cowling shields the observer from direct light, facilitates 
reading the manometers. 
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BRONWILL SCIENTIFIC 


OF 
P.O. BOX 3927 + BRIGHTON STATION + ROCHESTER 10,N. Y. 





CONSTANT 
TEMPERATURE 
CIRCULATORS 


Pumps and circulates... 
converts any suitable container to a 
constant temperature bath. 


HEATS - CIRCULATES + CONTROLS TEMPERATURE 


This new and improved model instantly con- 
verts any suitable container to an efficient, 
closely controlled, constant temperature bath 
or circulating system. One light, portable unit 
provides the motor driven stirrer and pump for 
circulating, a 750 watt heater element, a read- 
ing thermometer, a magnetic setting thermom- 
eter-thermoregulator and a double transistor 
relay. With mounting rod for attachment to any 
laboratory stand. 


Literature on Request. 
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GET READY FOR THE SPACE ana SCIENCE ERA! SEE SATELLITES, MOON ROCKETS pee af UP. ee 


“AMAZING SCIENCE BUYS 


+, for FUN, STUDY or PROFIT ~— 


American Made — Terrific Buy! See the Stars, Moon, Planets Close Up! 
a : Over 50% Saving , ASSEMBLED 3° ASTRONOMICAL REFLECTING TELESCOPE 
STEREO MICROSCOPE J AND 60 to 180 Power. An unusual Buy! Famous Mt. Palomar Type 


Years in development. Equals $300 ye : REABY TO USE! You'll see the Rings of Saturn, the fascinating planet Mars, huge 
to $400 instrument. Precision Amer- : craters on the Moon, Star Clusters, Moons of Jupiter in detail, 
ican made. Used for checking, in- Galaxies! Equatorial mount with lock on both axes. Aluminized and 
specting, small assembly work. Up over-coated 3” diameter high-speed f/10 mirror. Telescope comes 
to 3” working distance. Clear, sharp, equipped with a 60X eyepiece and a mounted Barlow Lens, giving 
erect image. Wide, 3 dimensional you 60 to 180 power. An Optical Finder Telescope, always sg 
field. 2 sets of objectives on rotating essential, is also included. Sturdy, hardwood, portable tripod— 
turret. 23X and 40X. 10 Days Free F with Scope:—Valuable STAR CHART plus 272 page 
Trial. “HANDBOOK OF HEAVENS” plus “HOW TO USE YOUR 











Stock No. 85,056-W ---._._- $99.50 TELESCOPE” BOOK 
f.o.b. Barrington, N.J. Photographers! This is an actual photograph Stock: Ne. SEONG elese in cctaccrcselendinne $29.95 Postpaid 
Low Power Supplementary Lens Attachment for above fj Of the moon taken through our Astronomica 
Stakes =nknwihen SEK rw , Telescope by a 17-year student. 4,” Reflecting Telecoope—up to 255 Power, + metal pedestal mount, 
16" mek ee ee eee ee Stock No. 85,105-W —........-..... $79.50 F.0.B. Barrington, N.J. 


Stock No. 30,276-W 











War Surplus American-Made 7x50 Binoculars WAR rue bog tag a ee 
NEW! GRAPH RUBBER STAMP Big savings! Brand new! Crystal [[igqgcygec=st ee ee eee 


clear viewin power. Every opti- 
Real time and labor saver for math § cal element is coated. An excellent 
teachers. If your tests require graph night glass—the size recommended 
iat uae a eli pant for satellite viewing. Individual eye 
backgrounds no need to attach separate focus. Exit pupil 7mm. Approx. field 
sheets of graph paper and worry about at 1,000 yds. is 376 ft. Carrying 
keeping them straight. Simply stamp a case included, American 7 x 50’s 
graph pattern, 3” square as needed on normally cost $195. Our war surplus 
each paper. Grading graph problems then price saves you real money. 





Converts infrared to visible light. 
See in total darkness without being 
seen. Use in lab, factory, classroom, 
ete. Completely portable. Operates 
on two flashlight batteries (not in- 
cluded). Image is quite good, may 
be made even better by careful f 
focusing. Size 114%” x 8”. eight Se 
with carrying case 12 lbs. No infrared light source is 





















become 100% easier. S:emps are 3” 9 Stock No. 1533-W ............__.. Ont 55.00 Postpd. furnished. (See below). 
square overall—2 different patterns. ag Z $5: Thatneealt Stock No. 85,098-W_---.-$39.50 f.o.b. Barrington, N. J. 
Stock No. 50,255-W (100 blocks) ~-....--- $3.00 Postpaid INFRARED LIGHT SOURCE AVAILABILITY! 
Uses 6-volt transformer or 6 V auto battery to operate. 
Stock No. 50,351-W (10 blocks) ~.-...-... $3.00 Postpaid 






Steck Me. GCOS W cn ncccdecnccnecused $10.00 Postpaid 
A LE I tS 


Terrific Buy! American Made! 


ee a ne OPAQUE PROJECTOR 





, strations ” ” ! BRAINIAC COMPUTER SET 
Projects illustrations up to 3” x 3% NEW! 
OFFSPRING OF SCIENCE .. . REALLY and enlarges them. No film or nega- 
tives needed. Projects charts, dia- A fascinating and interesting ‘intro- 
BEAUTIFUL! CIRCULAR DIFFRACTION- grams, pictures, photos, lettering in duction to the important new field of 
. full color or black-and-white. Op- : the computer. Makes such devices as: 
GRATING JEWELRY erates on 115 volt, A.C. current. 6-ft. extension cord anc interplanetary time and space cal- 

















plug ie sesh Ope ates on 60 watt bulb, not included 3 achi 
4 7 -B: , . culator, reasoning machine, logic 
Shimmering rainbows of gemlike color § Size x x 4%” wide. Weight 1 Ib., 2 oz. Plastic om " 3 y 
: : . s case with built in handle. games, intelligence tester, many 
in jewelry of exquisite beauty—made 


other experimental units. All con- 
with CIRCULAR DIFFRACTION- § Stock No. 70,199-W --..------..--.....-- $7.95 Postpaid 


nections are with nuts and bolts— 
GRATING REPLICA. Just os 3 


no soldering necessary. Designs can 
prism breaks up light into its full be changed in minutes. Complete 
range of individual colors, so does with 23-page Booklet—plus 9 elec- ot . 
: ' eo é trical research experiments. Overall size: 15” x 20”. 
the diffraction grating. Promises to 
become a rage in current fashion. 


Stock No. 70,305-W ....-........------- $11.95 Postpaid 








Take Telephoto 
Shots Thru 
7 x 50 














Stock No. 30,349-W Earrings ....-.....-.- $2.75 Pstpd. 





N : EDMUND IS NOW HEADQUARTERS FOR 
Stock No. 30,350-W Cuff Links ---...--..- $2.75 Pstpd. MATH LEARNING A wy? 
Stock No. 30,372-W Pendant _....------- $2.75 Pstpd. MONOCULAR OFFERINGS IN OUR FREE CATALOG.—“W 


Stock No. 30,373-W 2 Pins _....-.._._____ $2.75 Pstpd. Su S nea “tect ial es made instrument—war 

‘ surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used 
Stock No. 30,390-W Tie-Clasp --.......... $2.75 Pstpd. for general observation both day and night and to take 
fascinating telephoto shots with your camera. Brand new, 
$95 value. Due to Japanese competition we close these out 
at a bargain price. Directions and mounting hints included, 
EOE, OO. OR OCGW Wn ecnenencnnanwcuue $15.00 Postpaid 


NEW! CIRCULAR SLIDE RULE! 


Pocket Size— 
Fast—Easy to Use! 

Be a Math Wiz! New Circular 
Slide Rule multiplies, divides, 
figures fractions, percentages 
squares, cubes, roots, proportions, 
circumferences, areas, retail prices, 
fuel consumption. Eliminates the 
confusions of ordinary slide-rules. 
Directions included. 


Stock No. 30,336-W ..............$4.95 Postpaid 


REE CATALOG: 









16” VISIBLE MAN KIT 


Amazing! You look right through it! 
Reveals the wonders of the human body 
in exact scale, with all vital organs pre- 
cisely detailed. Authentic laboratory 
models includes complete skeleton, skin, 
muscles, circulatory system. Ingenious 
parts-within-parts assembly permits ex- 
amination of respiratory system, cham- 
bers of the heart, interior of kidneys, etc. 










LIFE SIZE HUMAN SKULL 


Invaluable educational aid! Fascinating 
conversation piece! Skull is anatomically 
correct—made of natural bone color, bone 
hard, lifetime plastic. Parts snap to- 
gether—take apart. Spring-action lower 
jaw. Re oovable skull cap for examination 
Internal organs demountable for ‘close of skull cavity, nasal passages. etc. Ideal 
inspection. Just 16” high when assembled, for scientists, ¢ doctors, dentists, teachers, 
but compares favorably with hand-made students, artists. Stand and Instruction and Anatomy 
$200 to $1000 medical school models, gj Chart included. 
= for researchers, labs, doctors, teach- UNE. UO. DOERR wesinwcunuchonenmwute $4.95 Postpaid 
students, hobbyists. Base and 12- page 
INTRODU CTION "TO. ANATOMY included. 


Stock Ne. 7O,8ERW ioc ceecnsassecesJ $4.98 Postpaid 





















Optics for the Science Class! 
Optics for the Space Era! 










SCIENTIFIC ENCYCLOPEDIA 


Over 1800 pages! 1400 illustrations—over 2,000,000 





128 PAGES! OVER 







cararos 309) 








Bdamundad 
words—100,000 definitions—14,000 separate articles. If 1000 OPTICAL BUYS! . 
zou re science-minded—you’ll drool over it! Wealth of OPTic Sona 
i e usefu information on Science, Math, Engineering, . | 
NEW BINOCULAR-TO-CAMERA HOLDER Chemistry, Physics, etc. 8% Ibs—-size 9” x 11”. Huge selection of lenses, SCIERNC 


Will Fit Any Camera 


For Exciting Telephoto Pic- 
tures. Bring distant objects 
7 times nearer with a 35mm 


MART 


SCIENCE + MATH + OPTICS 


prisms, war surplus op- 
tical instruments, parts 
and accessories. Tele- 


WROEK TOR DURFEE © cic ci cw cen nndncncil $29.75 Postpaid 








8, icr oscopes, 
camer: 50 binocul " ! he dock Nine 
our Nn BEGINNER S$ LENS KITS! binoculars, infrared 
CAMERA HOLDER. Ideal FOR FOR ADULTS! FUN FOR CHILDREN! sniperscope, etc. Low- 
for long-range shots of wild Kits include plainly written, illustrated booklet showing t Sel 1 Math 
life, ships, people, vistas. J how you can build lots of optical items. cost Science and 4 
Camera and binoculars attach § Stock No. 2- W Beginner’s Kit, Iearning and Teaching . 
easily. Use any binocular or 10 Lens $ 1.00 Pstpd cis 
ava ; S ck and white. A camera, still Stock No. 8. Cal aaeeseors Santen. a------- : 2 8. EDMUND SCIENTIFIC CO 
or movie. Take color or black and white. Attractive gra: a 
crinkle and bright chrome finish. 10”. long. Full @ 49 Lenses ------------ $ 5.00 Pstpd. | Request Catalog W. 
directions for taking telephotos included. Stock No. "1- W Experimenter’s Dream, p 
Stock NO: FO22BW oc ceeracusescsceccds $11.50 Postpaid Ee, SEE: nanuntdincstipienaliGabienwen teed $10.00 Pstpd. | Easy Payment Plan Available! Details with Catalog! 





ORDER BY STOCK NUMBER lis iMid lid Gael Mr lel.) a duel i+) 1 Sumy baits (adel, meer LY hai ied 


EDMUND SCIENTIFIC €CO.,5ARRINGTON, NEW JERSEY 
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FREEZE DRYING EQUIPMENT 


=a 


The increasingly vital role of freeze drying in 
the preservation and concentration of critical 
substances demands better engineered, more 
versatile apparatus. Now Amsco Del-Vac Freeze 
Dry Apparatus fulfills this need within labora- 
tories, pilot plants and production facilities. 

Significantly finer performance and versatility 
of Amsco Del-Vac Freeze Drying equipment 
permit the direct transfer of process data from 
laboratory or pilot models to large scale 
production models . . . without intermediate 
stages of pilot operation. 

Whatever your freeze dry needs . . . whether 
you require heated, refrigerated process shelves; 
hydraulic stoppering shelves; a powerful, 
built-in 5 to 10 micron vaccum pump; or fully 
automatic controls . . . Amsco Del-Vac has 
an appropriate model. 

Write for fully illustrated brochure IC-606. 


STERILIZER 


ERIESPENNSYLVANIA 





Scientific and Industrial Department 


World’s largest designer and manufacturer 
of Sterilizers, Operating Tables, Lights 
and related biological equipment 
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are PRODUCT NEWS FROM FISHER SCIENTIFIC 
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GAS PARTITIONER and LAB RECORDER 
make gas analysis faster and easier... 





Fisher’s “perfect partners” give you an easy, The Fisher Lab Recorder has the speed and 
low-priced, time-saving system for analyzing com- sensitivity to handle your recording job ...and 
plex mixtures of gases accurately. The Gas Par- at a price of only $850. 
titioner can run an Orsat-type gas analysis in For more detailed information, ask for two fact- 
minutes. And its new partner—the Fisher Lab filled booklets: FS-275 on the Partitioner; FS-220 
Recorder has a gearshift control that permits on the Lab Recorder. Write to: 
you to choose any of 10 chart speeds instantly. 139 Fisher Building, Pittsburgh 19, Pa. 


F-130 


, FISHER SCIENTIFIC 


America's Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 
Boston Houston Philadelphia Washington 
Chicago New York Pittsburgh Montreal 
Fort Worth Odessa St. Louis Toronto 
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READER SERVICE CARD PAGES 


511 AND 512 ARE MISSING, 





AT LAST! A SYRINGE THAT IS GAS TIGHT 


Now you can handle gas in a syringe without fear of leakage. The Hamilton Gas 
Tight Syringe uses a stainless steel plunger coated with Teflon*, and a Teflon* 
gasket tip. The result is a smooth, firm plunger movement, and no leakage to three 
atmospheres. The Gas Tight Syringe is ideal for gas chromatography. It is 

also useful for pipetting corrosive liquids, or liquids which normally cement 


the syringe plunger to the barrel. 


*Tetrafluoroethylene Polymer (DuPont) 
e Graduation of scale accurate to +1% 


e Calibrated in milliliters at 20°C 

e Plungers interchangeable 

e Teflon* coated plunger, with Teflon* gasket tip 

e Patent Pending 

@ 0.10, 0.25, 0.50, and 1.0 ml capacity models — $19.00 
@ 2.5, 5, and 10 ml capacity models — $20.00 


Order direct ... also available through your supply house. 


Write today for a 

brochure describing FS & | a a a oe oo om eaetcrcematncnties 
Hamilton’s complete FSR: } 

line of precision —).-—-* 4 Hamilton Company, Inc. i 
measuring 

equipment. Price P.O. Box 307-K, Whittier, California 4 
list is included. 

Send me a copy of your equipment brochure. 


HAMILTON COMPANY, rine. J name 4 





PRECISION MEASURING EQUIPMENT 
FOR CLINICAL AND CHEMICAL RESEARCH 
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NEW SPLIT-STREAM INLET SYSTEM 
FOR BARBER-COLMAN GAS CHROMATOGRAPHS 


A 


BUTANE 

ISO-PENTANE 
n-PENTANE 

2, 2-DIMETHYLBUTANE 
2, 3-DIMETHYLBUTANE 
3-METHYLPENTANE 


on mo Oo we > 


n—-HEXANE 


100 ft. Nylon Capillary 
0.01" ID 


Squalane Coating 

Flash Heater 175° 

Column: Room gem: 

Range: 1x107} 

Flame Detector 

Carrier: Helium @ 60m1./min. 
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The Chromatogram is The Proof... 


NOW! A 40-SECOND CHROMATOGRAM 
WITH NYLON CAPILLARY! 


Barber-Colman gas chromatog- 
raphy research has achieved excel- 
lent resolution of light hydrocar- 
bons in just 40 seconds with a 
100-foot, nylon capillary column. 
In addition, these analyses were 
made without pressure or tempera- 
ture programming. The test unit was 
a Model 20 with two minor modi- 
fications: gear ratios were changed 


20 
SECONDS 





40° 40 “50 88 


to drive the chart at a 330 inch-per- 
hour clip; and the electrometer 
range was increased to 1 x 10—!0, 
Until now a rapid analysis of this 
type was considered impossible 
for all practical purposes. Barber- 
Colman research also reports that 
the smoothness of the inner walls 
of the nylon capillary column is a 
factor in the speed of these analyses. 





Wheelco Instruments Division 





BARBER-COLMAN COMPANY 


Dept. H, 15131 Rock Street, Rockford, Illinois, U.S.A. 


BARBER-COLMAN of CANADA, Ltd., Dept. H, Toronto & Montreal ® Export Agent: Ad. Auriema, Inc, N.Y. write direct for complete information 
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Barber-Colman has now developed a 
new split-stream inlet system for theit” 
Model 20 Gas Chromatograph. Re. | 
search revealed that ordinary split.” 
stream inlet systems cause fractiona- 
tion and non-linear splitting under 
certain conditions. Attempts to obtain | 
quantitative analyses with ordinary 
splitters sometimes showed the size 
of the peak non-linear to the sample 
injected. In addition, a known sample 
composition varied with the amount 
of the sample injected. As a result, the } 
new split-stream system became very 
desirable to eliminate fractionation 
over a much wider range of sample 
sizes and boiling points, and to afford 
more accurate quantitative analyses. 


Features of this new linear sample 
splitter include a carrier gas inlet pre- 
heater, and a longer, higher tempera- 








ture path between the point of liquid 
sample injection and flow split to the 
capillary column. 


The new system is generally operated 
in the 250°C to 350°C range. This 
range vaporizes the liquid sample 
more rapidly. Gas samples, of course, 
cause no difficulty to the split-stream 
system as they are already -in the 
vapor phase. 


Typical results with the new splitter 
in conjunction with a hydrogen flame 
ionization detector show outstanding 
linearity without fractionation over 4 
range of sample sizes up to 4.0 micro- 
liters. Typical chromatograms illus. 
trate fine quantitative analyses even 
with short analyses times. 











Get in touch with your nearby Barbet 
Colman Sales and Service Office of 
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CUTS WEIGHING TIME GO” 


Torsion’s dial — 
make«~ 
the difference 


With Torsion’s new 500 gram capacity balance you can make 
three times as many weighings per hour as before. Here’s why: 

Conventional laboratory balances use a graduated beam and 
slide weight for “‘fine’’ weighing after the weight has been 
determined to within 10 grams. Under the old procedure the 
balance is arrested, slide weight positioned, balance released, 
balance comes to rest, position of indicator noted, balance 
arrested again, slide weight repositioned and so on until the 
weight is determined within 0.1 gram. 


All this time consuming “‘cut-and-try” procedure is replaced 
with a simple graduated dial which can be turned without 
arresting the oil-damped balance. This means that the time 
consuming part of the weighing (below ten grams) can be 
“dialed-in””—and in \% the time. 


UNCONDITIONAL GUARANTEE 


In keeping with Torsion’s Million-Plus construction, the new 
Dial mechanism retains its original accuracy after more than 
a million weighings. That’s why Torsion Balance has uncondi- 
tionally guaranteed the accuracy of the entire Dial mechanism. 





a Torsion Laboratory Balance DLTS 
Capacity: 500 grams 
Readability of Dial: .O2 grams 


Other Torsion Dial Balances 


Model DLT2 
Capacity: 120 grams 
Readability of Dial: 2 mg: 


Mode! DLT2-1 
Same specifications 
as DLT2 but has scoop 
for seeds or other 
bulky material. 





She Torsion Balance “C:,jony 
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ftable CN-110 256-channel pulse 
ana $ system —can be changed from pulse 
height analysis to time-of-flight to pulsed neu- 
tron measurement — or to some special pro- 
gram — simply by interchanging the compact 
plug-in logic units in the front panel. The basic 
computer with plug-in weighs only 30 Ibs., 
and can be bench or rack-mounted or carried 
anywhere in a portable case for laboratory or 
field work. Power consumption is only 25 
watts — needs no auxiliary cooling... can be 
set up for analog, digital or binary readout of 






... new portability in TMC instruments 


These new instruments from TMC, with completely transistorized 
circuits and efficient, straightforward design, are the most 
practical answer to the need for portable yet accurate pulse 
measurement instruments. Whether in a laboratory or in 

the field, the extreme reliability, accuracy and compactness 

of these instruments combine to provide convenient, 

dependable operation wherever they are set up. 





The No. 220 Data Handling Unit — a logical com- 
panion to the CN-110, is both a timer and data- 
handling unit. During the CN-110’s accumulation 
cycle the 220 can be used for true or live timing, 
then instantly switched to a manual, semi-, or fully- 
automatic digital readout cycle (destructive or non- 
destructive). The compact 220 may be used with 
various paper tape punching and printing ma- 
chines. 


TECHNICAL MEASUREMENT CORPORATION 


: 441 WASHINGTON AVENUE, NORTH HAVEN, CONNECTICUT 
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various methods. 


The SG-10A Serviscaler is an extremely 
economical and portable instrument de- 
signed for training or general laboratory use. 
All-transistor circuits are housed in a 12 Ib., 
12%" x 9" x 5%" package. Continuous high 
voltage, adjustable from 600 to 1600 volts; 
resolving time better than 200 ywsec; power 
consumption of only 20 watts. Price is $350. 


TMC also manufactures a complete line 
of single instruments, systems and related 
equipment for radiation measurement. 
Complete details are available on request. 


TMC 
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SCIENCE: 


How Much Research for a Dollar? 


That a dollar will not buy as much now as it would in 1950 is clear 
to every purchaser who can remember 1950 prices. That the $13 billion 
the nation will spend on research and development this year will not 
buy as much equipment or the services of as many scientists and en- 
gineers as would the same amount in 1950 is also true, but not so 
immediately obvious; the figure is so large, the cost elements so varied, 
and the experience of scientists with figures of this magnitude so meager 
that one may have to think about the matter to realize that increasing 
the research and development budget from a little under $3 billion 
in 1950 to about $13 billion in 1960 does not buy a comparable in- 
crease in research and development effort. 

Ellis A. Johnson and Helen S. Milton of the Johns Hopkins University 
Operations Research Office have sought to develop a cost-of-research 
index that will be useful in analyzing research and development trends. 
They start with the concept of the cost per year of a technical man; 
“the ‘technical man’ is the professional scientist or engineer, together 
with his supporting technical, administrative, and housekeeping staffs, 
and his machines and equipment, i.e., the man plus the overhead costs.” 

Johnson and Milton secured cost records from 17 laboratories, vary- 
ing greatly in size and roughly equally divided among industry, govern- 
ment, university, and private nonprofit institutions. There was variation 
in the experience of these laboratories, but there was also a quite useful 
degree of consistency among their records, sufficient to justify the con- 
clusion that when the costs per technical man were applied to the 
national research and development totals for the past decade, the result 
demonstrated that for 412 times as much money as was spent in 1950 we 
are getting slightly more than twice as much research and development 
activity. 

Using 1950 as a base year in which the cost-of-research index was 
100, the authors report that from 1920 to 1940 the index varied only 
a few points above or below 50. Between 1940 and 1950 it doubled. 
Since 1950 the increase has averaged 7 percent a year to bring the 
index to 191 in 1960. The major elements in the increase have been 
higher salaries and overhead costs. Professional salaries are going up 
at about 7 percent a year, overhead costs a little more rapidly, and 
equipment and material costs not quite so rapidly. 

It is always proper to ask whether or not research and development 
budgets are appropriate to the national needs. Are they increasing too 
slowly, too rapidly, or at about the right rate? In an ultimate sense 
this question can be answered only in terms of national needs and the 
valuation placed upon the work accomplished. Decision on these matters 
must be in terms of judgment, but a generally accepted cost-of-research 
index should assist us to reach better informed judgments. For example, 
Johnson and Milton write, “In military technology . . . there are some 
critical areas in which the absolute dollar support has increased but in 
which less actual technical effort is being expended than in 1950.” Is 
this what we want? Surely there are times when a decrease in effort is 
justified, just as there are times when an increase is mandatory, but 
we should know what we are doing, and not be fooled by the fact that we 
are spending more dollars to buy less research. When we are spending 
$13 billion a year and the amount increases year after year, we need 
a cost-of-research index just as, for other purposes, we need a cost- 
of-living index.—D.W. 
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Protecting Rainbow Bridge 


A study of dangers to Rainbow Bridge from water of 
Glen Canyon Reservoir brings surprising answers. 


When the Development Program for 
the Upper Colorado River Basin was 
passed by Congress, 11 April 1956, 
conservationist pressure forced inclusion 
of a provision to “preclude impairment 
of the Rainbow Bridge National Monu- 
ment.” The same act also established 
a policy that “no dam or reservoir con- 
structed under the authorization of this 
act shall be within any national park 
or monument.” In conformity with 
these provisions, plans have been made 
by the Bureau of Reclamation and the 
National Park Service for protecting 
Rainbow Bridge. 

The essence of their proposals is 
given in Figs. 1 and 2, which show 
plans superimposed on aerial photo- 
graphs of the region. Figure 1 gives 
a general view of the remote and rug- 
ged area where this huge bridge is lo- 
cated and indicates the principal points 
of interest in the proposed program of 
protection. Figure 2 shows a more de- 
tailed view of the area around the 
monument, including adjacent areas 
where the protective works designed to 
prevent impairment of the monument 
would be located. 

In the remarkable erosional setting 
shown in Fig. 1, the bridge is a mere 
detail in the rugged landscape, but 
when approached from the ground by 
someone coming either up or down 





The author is professor emeritus of biology, 
division of biological sciences, University of Utah, 
Salt Lake City. 
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Bridge Canyon, in which it is located, 
it is found to be a tremendous arch 
with an inside span 278 feet wide and 
309 feet high, shown in Fig. 3. It is an 
integral part of an exceedingly scenic 
region lying between the 10,000-foot 
Navajo Mountain and the 3200 foot 
Colorado River bed in Glen Canyon. 
The streams draining from the moun- 
tain have cut deeply entrenched me- 
andering canyons in the colorful sedi- 
mentary rocks, mainly in the spectacu- 
lar red and white Navajo sandstone 
through which they flow on the way to 
the river. This big bridge is a remark- 
able piece of natural architecture situ- 
ated in a stupendous setting of cliffs 
and canyons, in which it is the center 
of interest (Fig. 4 and cover picture). 
The Western editor of National Wild- 
lands News, J. F. Carithers, says (June 
1960), “the country surrounding the 
national monument is_ unbelievably 
spectacular. The great stone arch itself 
is one of the most inspiring wonders 
we have ever seen. It is the exclamation 
point at the end of a beautiful sen- 
tence.” 

The bridge itself has substantial 
foundations. One end arises from a 
massive cliff. The other end of the 
span rests on a broad platform of solid 
tock. Midway between these two ade- 
quate foundation supports is a narrow 
canyon or inner gorge (indicated in 
Figs. 3 and 4 but shown in greater de- 
tail in Fig. 5). This gorge is sunk 
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about 70 feet into the solid rock, and 
through it the normally small stream 
descends rapidly. In times of occasional 
heavy runoff the stream may become 
a torrent that leaves its high-water 
mark along the sides, about 6 to 10 
feet above its bed. The projected Glen 
Canyon Reservoir (Lake Powell) will 
catch high water and hold it until it is 
released in a regulated stream through 
the dam. This will produce irregular 
fluctuation in the level of the lake and, 
in turn, induce noticeable fluctuation 
under the bridge. Without a restraining 
or barrier dam, the water in Glen Can- 
yon Reservoir would back up the nar- 
row inner gorge under the bridge to a 
depth of about 46 feet when the reser- 
voir is full. At this level, the water would 
stand about 24 feet below the top of 
the inner gorge or about 40 to 50 feet 
below the bridge abutments and would 
extend upstream a considerable distance, 
even beyond the limits of the monu- 
ment, as shown in Figs. 2 and 6. It has 
been estimated that the lake would be 
full 13 percent of the time and that 
there would be no water under the 
bridge 23 percent of the time. In order 
to reach the foundations of the bridge, 
a wall of water nearly 50 feet high 
would have to pour over the top of 
Glen Canyon dam. In fact, the sedi- 
ment deposited in the inner gorge will 
actually protect those foundations by 
reducing erosion in the gorge that would 
otherwise eventually undermine them. 
The principal effect of the reservoir in 
the monument would be the eventual 
filling of the inner gorge with sediment 
to the upper level of the reservoir— 
that is, to within about 25 to 35 feet 
of the top—one third of the gorge being 
left unfilled. 


Barrier Dam 


The proposals for preventing water 
from backing upstream into the monu- 
ment are founded primarily upon the 
idea of constructing a restraining or 
barrier dam somewhere below the 
monument. Two sites for such a dam 
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Fig. 1. Aerial photograph of the region around Rainbow Bridge, looking south up Aztec Creek. The principal features of the Fig. Bi 
plans for protecting the national monument are indicated. [U.S. Bureau of Reclamation] Bridge 
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Fig. 2. A detailed aerial view of the national monument with superimposed outlines of construction planned to protect Rainbow 
Bridge from damage from the projected Glen Canyon Reservoir (Lake Powell). [U.S. Bureau of Reclamation] 
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have been studied, one in Bridge Can- 
yon at site B (shown in Figs. 1, 2, and 
7), located 3200 feet below the monu- 
ment, and another, much larger site, 
where construction would be much 
more expensive, in Forbidden Canyon 
below the mouth of Bridge Canyon 
(site C in Fig. 1). Site B has been 
selected by the Bureau of Reclamation 
and the National Park Service as most 
suitable. 

While a barrier dam would keep 
water of the reservoir from backing 
upstream into the monument, it would 
also keep the water from Bridge Can- 


yon from flowing downstream into the 
reservoir. In order to prevent this 
water from making a lake on the upper 
side, it would have to be pumped over 
the dam. Above this point, drainage 
from about 7.59 square miles of the 
steep rough slopes of Navajo Moun- 
tain flow into Bridge Canyon, bringing, 
during snowmelt and summer thunder- 
storms, torrents of muddy water and 
flood debris that would settle against 
the upstream side of the dam. Within 
a quarter or a half century this sediment 
would back upstream into the monu- 
ment. 


To alleviate this danger of sediment 
build-up in the monument, it has been 
proposed to make a diversion dam 
above the monument and turn the 
drainage from 6.54 square miles above 
this dam through a 0.9-mile tunnel into 
Aztec Creek. This would divert most 
of the mud and debris from Bridge 
Canyon, leaving only the sandy sedi- 
ment brought by drainage from 1.05 
square miles below the diversion dam 
to accumulate above barrier dam B. 
It is estimated that there is adequate 
storage for sediment up to the year 
A.D. 2140. 


Fig. 3. Rainbow Bridge, arising from a massive cliff on the right and resting on a broad platform of rock on the left. A par- 
tial view of the inner gorge is shown in the center foreground. [U.S. Bureau of Reclamation] 
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Although construction of. a barrier 
dam at alternate site C has been con- 
sidered, it was excluded from the pres- 
ent proposal. From Fig. 8 it can be 
seen that this would be a much larger 
and more expensive dam than one at 
site B. It would require much larger 
pumping operations and would involve 
other complicating problems which 
need not be discussed here. 

To build the diversion dam and tun- 
nel and the barrier dam at site B, local 
materials obtained near the sites would 
be used. Both dams would be earth- 
and-rock-fill structures. The diversion 
dam would be 40 feet high, 275 feet 
long, and 47,000 cubic yards in volume; 
dam B would be 183 feet high, 500 feet 
long, and 1 million cubic yards in 
volume. 

Obtaining rock from the canyon 
walls is not difficult, but getting im- 
pervious materials for the earth fill in 
the dams is a serious problem. The 
only source of such material for dam 





Fig. 4. Rainbow 
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B is on top of a 1200-foot mesa, shown 
in Figs. 1, 2, and 4. This dirt would 
have to be lowered from the north end 
of the narrow neck of the mesa to the 
dam site. Fortunately there is a feasible 
route for constructing chutes or con- 
veyor belts for lowering materials and 
personnel from the mesa top to the 
dam site. This route is indicated in 
Fig. 2 and may be seen in Figs. 1 and 
4 but is shown in more detail in Fig. 9. 
The site selected for workmen’s camp 
and construction facilities is located in 
Bridge Canyon, above the dam. 
Material for the diversion dam would 
come from borrow areas identified in 
Fig. 2. The builder would have a 
choice of talus material near the dam 
or of impervious material from another 
mesa top. Excavated material from the 
tunnel would be dumped in Forbidden 
Canyon, not far from a small area 
selected as a site for workmen’s camp 
and construction facilities. After com- 
pletion of the tunnel the excavated ma- 


Bridge in its mammoth setting. 


terial would be hauled back through 
the tunnel for use in construction of 
the diversion dam. 


Construction Problems 


One wonders, on looking at Fig. 1, 
how the builders of these proposed 
works would provide access for men, 
equipment, and supplies in such a re- 
mote and rugged area. It would cer- 
tainly be a difficult and expensive pro- 
cedure. Three alternate approach 
routes are under consideration—by air, 
land, or water. Large cargo-type heli- 
copters may be called into service if 
the air route is used. Land vehicles 
could come by road down Forbidden 
Canyon along Aztec Creek, or up the 
canyon from the Colorado River, as 
shown on the map (Fig. 10). For the 
water route, the use of barges on Lake 
Powell, after the reservoir has begun 
to fill, has been considered. 
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The costs in the case of the first 
two routes would be enormous. There 
is a question whether approach by the 
third route would be within the require- 
ments of the law. The ground route 
from the south would be approached 
from Tuba City, Arizona, over 82 miles 
of rough, unimproved, fair-weather 
dirt road to the Navajo Indian school 
at the base of Navajo Mountain near 
the Utah-Arizona border; from there 
about 22 miles of new road would have 
to be made through fantastically rough 
country (Fig. 1, top center). 

The road from the Colorado River 
would have to follow Aztec and Bridge 
creeks for almost 10 miles through 
terrain which is peculiarly difficult for 
road making. Figure 11 shows a par- 
ticularly narrow and twisting section 
along lower Aztec Creek where there 
is no room for a road and where much 
of the road would have to be cut into 
the cliff face. Some of the turns in 
the canyon would be too sharp for 
certain types of large vehicles and 
equipment, and tunnels would be re- 
quired. After dead-water storage was 
started in Glen Canyon, this road 
would be under water almost to dam 
site B; thus, it would have to be used 
before that time. 

To reach the mouth of Aztec Creek 
would require a bridge or ferry across 
the Colorado River and new access 
roads on the northwest side of the 
stream. Here there are two possible 
routes—one from the Glen Canyon 
dam site and one from Escalante, Utah. 
The first would require about 115 miles 
of new road through exceedingly rug- 
ged terrain—a project too expensive to 
contemplate. As for the second route, 
about 65 miles of rough, unimproved, 
fair-weather road now extends from 
Escalante to “Hole-in-the-Rock,” on top 
of the cliff rim above the river; about 
27 miles of new road would be re- 
quired to get down through the cliffs 
to reach the river opposite the mouth 
of Aztec Creek. 


Fig. 5 (top left). A close-up view of the 
north wall of the inner gorge, showing 
the height to which water from the reser- 
voir would back up in the gorge if it were 
not restrained. The north base of the 
arch, resting on a broad platform of rock, 
is shown at top. Fig. 6 (bottom left). A 
view of Rainbow Bridge looking down- 
stream, showing the prospective _high- 
water mark when the reservoir was full. 
Fig. 7 (top right). A view of barrier dam 
site B, looking downstream, showing the 
prospective high-water mark. Fig. 8 (bot- 
tom right). View of barrier dam site C. 
{U.S. Bureau of Reclamation] 
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The Alternative 


If no protecting works are built, the 
water, as the reservoir filled, would 
gradually back up into the monument 
and pass under the bridge and up the 
canyon, even beyond the monument, 
If muddy, silt-laden floods or high 
water from Bridge Canyon entered the 
reservoir, the coarse sediment would 
be deposited where the force of the 
current was checked after it entered 
the clear water of the lake. When the 
reservoir was full, the sediment would 
be deposited in the canyon, mainly in 
the narrow gorge above the bridge. As 
the water level fluctuated in the reser- 
voir, the sediment would tend to be 
pushed toward the lower water levels 
farther down in Bridge Canyon, where 
a delta would gradually accumulate. 

In succeeding years, the delta thus 
formed would slowly grow up Bridge 
Canyon until, given time and sediment 
enough, the inner gorge under the 
bridge would be filled by the delta to 
the highest level of the reservoir. At 
this stage of development, probably 50 
to 100 or even more years in the fu- 
ture, there would be no water under 
the bridge. Instead, the small stream 
would wind through the narrow gorge 
on top of the sediment, bordered by 
heavy stands of stream-side vegetation, 
probably willows and tamarix that 
would grow there naturally except 
where the stream kept the channel 
clear. 

During the period when the inner 
gorge was filling with sediment there 
would be a zone of fluctuation within 
that gorge, where the water level would 
rise and fall. Visitors to the bridge 
during this period might notice, at times 
when the lake was not full, a_high- 
water mark at the 3700-foot level and 
a zone of sediment in the bottom, de- 
nuded of vegetation. There might be 
some unattractive areas during the early 
stages of sediment deposition, but these 
would be covered as the inner gorge 


Fig. 9 (left). The route over which mate- 
rials from the mesa top would be lowered 
to dam site B; disfiguring scars would be 
left on the face of the cliff. [U.S. Bureau 
of Reclamation] Fig. 10 (top right). Map 
showing alternative possible routes of ac- 
cess roads to Bridge Canyon protective 
works. [University of Utah] Fig. 11 (bot- 
tom right). A narrow winding section of 
Forbidden Canyon, along lower Aztec 
Creek, where road-building would be dif- 
ficult. [U.S. Bureau of Reclamation] 
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filled. When that happy time arrived, 
there would be nothing about the ap- 
pearance of the little brook meandering 
through the stream-side vegetation to 
remind the visitor of the former pres- 
ence of the reservoir in the monument. 


The Dilemma 


A real dilemma is posed for all con- 
cerned. In order to treat this problem 
objectively as a matter of total con- 
servation, the bridge and its setting in 
the spectacular canyons must be con- 
sidered together, regardless of how 
much of the area is actually included in 
the national monument. From the air, 
the whole area is a scenic marvel, and 
the mammoth bridge is hard to find 
because its size is insignificant as 
compared with that of the stupendous 
setting (Figs. 1, 2, 4, and the cover 
picture). No matter who administers it 
after the reservoir is established, there 
will be public concern over the whole 
area. 

In considering the whole magnificent 
region, here are the alternatives that 
must be faced. Should the present law 
be enforced and adjacent scenic fea- 
tures be permanently scarred and in- 
jured in order to protect one small but 
important sector of the over-all scenic 
features? Or, to set it in another frame 
of reference, which would be preferable: 
(i) backing water up the inner gorge 
under the bridge and gradually filling 
the gorge with sandy sediment for about 
two-thirds of its 70-foot depth without 
in any way affecting the bridge itself, 
or (ii) permanently marring the naturai 
scenic beauties of the region, including 
both approaches to the bridge, making 
it impossible for anyone to reach the 
central scenic attraction without pass- 
ing these unnatural and distracting 
“protective” works? 

To restate it in still another way: 
To do nothing would allow the area to 
heal itself naturally within a century 
and leave no scars; to build the protec- 
tive works would entail permanently 
marring the remarkable landscape, not 
only with the dams and tunnels but 
also with the construction and equip- 
ment accessory to the main work, 
such as excavations on mesa tops and 
talus slope, cables, belts or roadways for 
transporting materials to the dam sites, 
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equipment sheds and camp sites, and 
accessory roads cut into the faces of 
narrow canyons. The second alterna- 
tive, in short, would entail doing exact- 
ly what conservationists are trying to 
avoid—bringing the jarring and marr- 
ing scars of construction activities into 
stupendous natural landscapes. In ad- 
dition, it would require a fantastic in- 
vestment, estimated to range from $15 
to $25 million, and a continuing an- 
nual maintenance expenditure. 

It is obvious from these comparisons 
that building the protective works is 
not a good solution to the dilemma, but 
conservationists may hold that the 
principle of protecting the national 
parks and monuments is at stake and 
that it is worth the cost in order to 
preserve the principle. And so it might 
be if there were not another and better 
solution to the problem which requires 
no sacrifice of principle and which re- 
quires no change in the present pro- 
tective law. 

This alternative solution must be 
based upon the concept of protecting 
the whole area and not alone the Rain- 
bow Bridge National Monument. I here 
propose that a plan be developed to 
include the remarkable scenic region 
adjacent to the monument in a national 
recreation area to be administered by 
the National Park Service. It is just 
as important to protect this surrounding 
area from desecration as it is to protect 
the monument. Progress is already 
being made in this direction. The Na- 
tional Park Service is now prepar- 
ing a master plan for a Glen Can- 
yon National Recreation Area similar 
to that now in effect at Lake Mead. 
The proposed recreation area includes 
the entire shoreline of the reservoir, 
1830 miles in length, and some other, 
adjacent areas. The area surrounding 
the Rainbow Bridge might well be in- 
cluded. 

By incorporating the monument in 
the proposed recreation area, the Na- 
tional Park Service would be relieved 
of treating the two as separate projects 
and could administer them as a single 
unit, with a suitable policy for the whole 
area. The Park Service would then be 
able to determine what should be done. 
It is not likely that the answer would 
be defacement of major features of the 
landscape. 

This is a case which calls for con- 


servationists to do a little soul search. 
ing. The fallacy of joining a crusade 
without a realistic appraisal of the facts 
should be obvious by this time. It is a 
fact that the presence of the Glen Can. 
yon Reservoir will open up to the gen- 
eral public, by way of boating on Lake 
Powell, a thousand enchanting nooks, 
glens, and alcoves in the tributaries that 
lead into Glen Canyon, many of which 
are practically inaccessible without the 
lake. It will open the vast scenic re- 
sources of the interior of the rough 
country of the Southwest to regulated 
use under the control of the National 
Park Service. 

Conservationists recognize that in a 
world faced with a “population bomb” 
there is as great a need to conserve 
water for the arid lands of the earth 
as there is to conserve scenic land- 
scapes. They also realize that there 
are many other resources that should 
be conserved and that the relative values 
must be weighed carefully. They should 
support both the movement for con- 
servation of water in Glen Canyon and 
the National Park Service in develop- 
ing the by-products of the lake as na- 
tional recreational resources. In addi- 
tion to opportunities for boating, fish- 
ing, photography, and the like, con- 
struction of the lake will provide access 
to areas of magnificent scenery, and all 
these opportunities are bound to be ap- 
preciated in the years to come. 

As the years pass into centuries, 
deltas at the mouths of incoming 
streams will help to fill the reservoir 
with sediment. Long before it is com- 
pletely filled, the lengthening deltas 
may be used for some purpose or other. 
What use will be made of these newly 
made lands remains for the future to 
decide. If they are maintained as parts 
of national recreation areas, they may 
well serve as centers from which visitors 
can explore the thousand side canyons 
and scenic attractions that radiate from 
the main Glen Canyon. Without any 
barrier dams in Bridge Canyon, Rain- 
bow Bridge would be as accessible as 
any of the other scenic marvels of the 
Glen Canyon tributaries. 

The major objective of sincere con- 
servationists is to leave the people of 
the future with a heritage of wisely used 
resources which will continue to serve 
mankind through many additional gen- 
erations. 
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Direct Metabolic Interactions 
between Animal Cells 


Their role in tissue function and 
development is reconsidered. 


Multitudinous forms of cellular inter- 
action are among the basic prerequi- 
sites for the continuity of life. The 
life cycle of unicellular organisms, like 
bacteria, depends upon a wide range of 
saprophytic and epiphytic relations, and 
sexual reproduction in protoza is ini- 
tiated by mating reactions which are 
determined by specific molecular pat- 
terns in the surfaces of interacting cells 
(1). Some organisms, like slime molds, 
exist during part of their life cycle in 
a unicellular state, in another part of 
their life cycle in a multicellular state. 
The transition from the former to the 
latter state involves a definite pattern 
of cell interactions which results in cell 
aggregation and the subsequent differ- 
entiation of the cells in the aggregate 
(2). 

The evolutionary appearance of 
strictly multicellular organisms can be 
considered an elaboration and consoli- 
dation of protistan forms of cell inter- 
actions. An obvious aspect of cell inter- 
actions in multicellular organisms is the 
continued contact between cell sur- 
faces (3). This phase of cell interaction 
is being investigated by electron-micro- 
scopic analysis of cell boundaries and 
of basal cell membranes (4), by the 
study of adhesion (5) and of aggrega- 
tion and disaggregation of cells (6), and 
by the study of the behavior of cells 
in tissue culture (7). A molecular basis 
for the interaction of cell surfaces has 
been considered (8). 

Particular importance has been attrib- 
uted to the role of direct cell inter- 
actions in the process of embryonic 
development. Actually, the bulk of the 
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work carried out in experimental em- 
bryology consists of attempts to demon- 
strate the appearance of morphological 
changes in one cell type in response to 
the presence of another cell type under 
a variety of in vitro and in vivo con- 
ditions. In recent years much ingenuity 
has been applied in work with systems 
of embryonic tissues in which character- 
istic forms of cell interaction can be 
demonstrated experimentally (9, 10). 
Much can be gained in this work with 
embryonic tissues, since the cell inter- 
actions which occur during embryonic 
development constitute one of the ways 
in which the genetic inventory of the 
primitive embryonic cell comes to ex- 
pression and determines the appearance 
of certain cell properties which are 
characteristic for the fully developed 
cell. 

Although some advance has been 
made in understanding the nature of 
the changes that occur during and sub- 
sequent to cell interaction, little con- 
sideration has been given to the rela- 
tion of the observed structural changes 
to alterations in the metabolic path- 
ways during cell interactions. One ex- 
ception is perhaps the analysis of fertili- 
zation in the sea urchin. How much of 
the information obtained in this in- 
stance is applicable to cell interactions 
in general is uncertain. 

It is proposed in this article to dis- 
cuss briefly two types of drastic meta- 
bolic readjustments which are part of 
the interaction of animal cells and to 
consider some of the implications of 
these findings. Interaction is essential 
in one case for the functional activity 
of the interacting cells; in the other 
case, for maintenance of metabolic 
synthesis. 


Metabolic Interaction and 
Specific Function 


The bulk of the evidence for func- 
tionally significant metabolic interac- 
tions between cells is derived from 
work, carried out about 20 years ago, 
on the production of fluid in the brain 
by the chorioplexus (//) and the forma- 
tion of aqueous humor in the eye by 
the ciliary body (/2) These histolcgi- 
cally heavily folded tissues consist of a 
single and double layer, respectively, 
of closely packed cuboidal epithelial 
cells which cover a loose mesodermal 
connective tissue, the stroma, in which 
the cells are separated from each other 
and from the epithelial layer by collagen 
fibers and a ground substance (Fig. 1). 
In surviving segments of these tissues it 
was found that the epithelia showed 
strongly positive oxidation-reduction 
potentials and the stromata, strongly 
negative oxidation-reduction potentials 
when tested with a large series of ox- 
idation-reduction indicators with closely 
spaced potentials. Under anaerobiosis, 
or in the presence of sodium cya- 
nide, the epithelium acquired a strong- 
ly negative oxidation-reduction poten- 
tial. This indicated the dependence of 
the positive values for oxidation-reduc- 
tion potentials on oxidative enzyme 
systems in this tissue component. The 
stroma was assumed to be the site of 
dehydrogenases catalyzing reactions 
with strongly negative potential and to 
be devoid of oxidative enzymes such as 
cytochrome oxidase. A mechanical sepa- 
ration of the epithelial and stromal cells 
in these tissues and manometric deter- 
minations of enzyme activities in the 
two tissue components confirmed this 
interpretation of the results obtained 
with the oxidation-reduction indica- 
tors (/3). 

The functional significance of the 
differences in oxidation-reduction po- 
tential became apparent from two lines 
of evidence. In the embryonic chorio- 
plexus, no potential difference was 
found between epithelium and stroma 
before the onset of functional activity 
(14). The potential difference and the 
production of cerebrospinal fluid be- 
came established at the same stage of 
fetal life. Also, in the fetal kidney 
analogous changes in the cytochrome- 
oxidase activity in the tissue compo- 
nents were observed with the beginning 
of functional activity (/5). In another 
series of experiments a shift in the 
potential differences of the ciliary body 
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was observed in scorbutic guinea pigs 
(16). 

The appearance of differences in 
oxidation-reduction potential during em- 
bryonic development was brought about 
by an increasing concentration of oxi- 
dative enzyme systems in the epithelia 
of these tissues and the maintenance 
of negligibly low concentrations of 
oxidases in the stromata. The shift in 
the potentials in the scorbutic animals 
was explained by a break in the meta- 
bolic interaction of the epithelium and 
stroma. It was proposed that ascorbic 
acid is an essential mediator in the 
electron transport from the epithelium 
to the stroma and that its absence in 
a deficient organism leads to an inter- 
ruption of the electron flow from one 
tissue component to the other. 

From these experiments it was con- 
cluded that the undisturbed mainte- 
nance of the potential differences in 
the epithelium and stroma of the ciliary 
body, of the chorioplexus, and also of 
the kidney is essential for the functional 
activity of the tissue. The metabolic 
maintenance of these potential differ- 
ences generates a flow of electrons from 
the stroma to the epithelium and be- 
comes a source of energy for transport 
of fluid or of ions between these tissues. 
In this sense the maintenance of the 
potential difference is essential for the 
continuation of the function of these 
tissues. 

It should be pointed out that more 
than metabolic oxidation-reduction re- 
actions can be involved in_ tissue 
interactions. Two adjacent tissue 
components may also participate in 
functionally important metabolic trans- 
formations of specific molecular cell 
constituents. Such a case is the cycle 
of visual pigment in the retina, in which 
both the neural epithelium and the 
pigment epithelium participate (17). 


Dependence of Mesodermal Syntheses 
on Epithelial Metabolism in the Cornea 


In the cornea, a more systematic 
quantitative study of intercellular meta- 
bolic reactions is made possible by the 
ease with which stroma and epithelium 
can be mechanically separated. This is 
due to the smoothness of the boundary 
between the two tissue components over 
a large part of the corneal area (Fig. 1). 
As in the tissues mentioned above, the 
enzyme activities involved in the ter- 
minal metabolic oxidations were found 
in the epithelium. High rates of glucose 
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utilization and lactic acid formation 
were found in both the epithelium and 
the stroma (/8). In following the 
changes in the lactic acid level, it was 
observed that the lactic acid in the 
stroma decreased much more slowly in 
the absence of epithelium then it did 
when epithelium was present. It was 
concluded that a part of the lactate 
which is formed in the stroma is oxi- 
dized in the epithelium. Thus, it seemed 
that the stroma supplied a substrate 
for enzymatic oxidations in the epi- 
thelium. 

For a long time the question of 
whether the stroma benefits in any way 
from supplying raw materials for oxi- 
dative processes in the epithelium re- 
mained unexplored. Within the last two 
years, however, evidence has accumu- 
lated that two, and perhaps three, syn- 
thetic processes in the corneal meso- 
derm are greatly reduced if the epi- 
thelium is removed from its close juxta- 
position to the stroma. The following 
syntheses in the stroma were found to 
be affected by the removal of the epi- 
thelium: (i) the incorporation of glycine- 
1-C* into the collagen fraction (/9); (ii) 
The incorporation of S* into the muco- 
polysaccharides of the ground sub- 
stance (20); and tentatively, (iii) the up- 
take of thymidine-C™ into the hot tri- 
chloroacetic acid extracts (deoxyribo- 
nucleic acid) of the stroma (2/). This 
apparently means that metabolic proc- 
esses in the epithelium can substitute 
for incomplete metabolic pathways in 
the stroma and that in this manner 
the epithelium can maintain synthesis of 
macromolecules in the stroma. 


Mechanism of the Epithelial Effect 


Investigations carried out so far pro- 
vide only tenuous clues as to the nature 
of the interaction between the epithe- 
lium and the stroma. Addition of a 
homogenate or a mince of the corneal 
epithelium, of other chick organs such 
as liver, heart, or kidney, or of adeno- 
sine triphosphate to the incubation mix- 
ture used in incorporation measure- 
ments was found to be ineffective as 
a source of energy for restoration of 
synthetic activity in the stroma after 
removal of the epithelium (22). 

Such experiments make it doubtful 
that diffusible metabolic intermediaries 
such as high-energy phosphate esters 
or coenzymes serve as links in the trans- 
mission of metabolic energy from the 
one to the other tissue component. 


These doubts are strengthened by auto- 
radiography of corneal sections in. 
cubated with C*-labeled glycine solu- 
tion after removal of one half of the 
epithelial cover of the stroma (23). Such 
preparations show that incorporation 
into the stroma follows a sharp bound- 
ary which coincides exactly with the 
termination of the epithelial cover of 
the stroma. The abruptness of this 
boundary is not compatible with an 
assumed diffusion gradient. Therefore, 
one can ask whether the transmission 
of metabolic energy from the epithe- 
lium to the stroma follows some struc- 
tural component of the stroma—for 
example, protein-sulfhydryl groups—or 
whether it involves small molecular 
compounds (perhaps ascorbic acid) 
which are bound to some structural 
elements of the mesodermal matrix. In 
this connection it should be pointed out 
that several systems involving protein- 
sulfhydryl groups and bound water for 
electron transport over a distance have 
been suggested recently (24). The role 
of sulfhydral groups as terminal accep- 
tors for electron transfer from mito- 
chondria to the bacterial cell wall has 
been investigated by Falcone and Nick- 
erson (25). 

Attempts were made to distinguish, 
by the use of metabolic inhibitors, be- 
tween metabolic pathways supporting 
syntheses in the epithelium and in the 
stroma, respectively. Although these ex- 
periments have not led to conclusive 
results as yet, differences between the 
effects of some metabolic inhibitors on 
protein synthesis in the stroma and in 
the epithelium seem to indicate differ- 
ences in these pathways (26). At the 
same time, analysis of changes in the 
metabolic systems in the stroma in the 
absence of the epithelium are being 
carried out in order to obtain more di- 
rect information about those metabolic 
reactions in the stroma which are de- 
pendent upon the epithelium and about 
the pathways of energy transfer from 
the epithelium to the stroma. 

The cornea may be a model system 
for the exploration of mechanisms of 
certain metabolic cell interactions since 
it seems to be the first tissue in which 
a dependence of protein synthesis on 
tissue interaction can be observed. The 
main advantages of this system for a 
far-reaching analysis of such metabolic 
interactions are its accessibility in situ; 
the ease of preparation of the two tissue 
components, which can be used to ob- 
tain quantitative information about the 
effect of the epithelium on the stroma; 
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the viability of the cornea in vitro, the 
homogeneity of the cell populations in 
the separable tissue components; and 
the specificity of the cell products syn- 
thesized in the stroma (collagen, kerato- 
sulfate). 


Role of Metabolic Tissue Interactions 
in Developmental Processes 


The importance of the metabolic tis- 
sue interactions which are necessary for 
the function of these tissues is evident. 
It remains to define the possible signifi- 
cance of the metabolic tissue interac- 
tions which maintain synthetic processes 
in one or in both of the involved tissue 
components. The studies on the cornea 
call attention to the role which meta- 
bolic tissue interactions may play in the 
course of embryonic development. 

The dependence of the corneal 
stroma upon the epithelium has been 
observed on the eighth day of develop- 
ment of the chick embryo (27). This 
is only two days after the onset of cell 
migration from the head mesenchyme 
into the corneal area. Therefore, it is 
evident that protein synthesis and, con- 
sequently, growth of the corneal stroma 
early become dependent on the supply 
of epithelial metabolic energy. In con- 
trast, the stationary cells of the head 
mesenchyme, which form the sclera, de- 
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Fig. 1. Schematic representation of cross sections through two 
tissue types with interaction between the epithelium and the 
stroma. (Above) Representation of complex histological rela- 
tionship between epithelium and stroma in the ciliary processes: 
(E) epithelium consisting of two cell layers; (JF) fuzzy cell out- 
lines indicate extensive ultrastructural infolding of the cell 
boundaries; (SGS) stroma ground substance; (SF) stroma fibers 
with random orientation; (SC) stroma cell; (C) capillaries. 
(Right) Representation of the plane and smooth boundary be- 
tween epithelium and stroma in the cornea: 
consisting of more than two cell layers; (SG) stroma ground 
substance; (SF) stroma fibers with orientation in different direc- 
tions in the different layers of the stroma; (SC) stroma cells in 
the avascular corneal stroma; (EN) endothelium. 
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velop their own enzymatic mechanisms 
for production of the energy needed for 
synthetic processes. As a consequence, 
the scleral mesoderm can grow auton- 
omously. 

Even before differentiation of the 
corneal and scleral mesoderm takes 
place, the head mesenchyme must pro- 
duce enough energy to support the syn- 
theses required for proliferative growth. 
The apparent loss of this autonomy in 
the mesenchymal cells which become 
corneal mesoderm can come about 
through one or both of the following 
changes. 

1) The total energy output of a prim- 
itive mesenchyme cell may be sufficient 
to support the synthetic activities con- 
nected with the growth and differentia- 
tion of these undifferentiated cells into 
corneal mesoderm. In this case, the 
necessity for a supply of energy from 
the epithelium for synthesis would mean 
that some of the energy produced in 
these differentiating cells is diverted into 
functional channels such as movement 
of fluid. A scheme for this type of dis- 
tribution of energy consumption for 
functional or growth processes has re- 
cently been discussed by Rutter (28). 

2) The need for an epithelial energy 
supply to the stroma could also mean 
that the enzyme systems generating en- 
ergy deteriorate to some extent as the 
head mesenchyme differentiates into the 
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corneal mesoderm. Such a loss is ap- 
parent from the results of Kuhlman and 
Resnik (29). These authors found that 
in new-born rats the: isocitric dehy- 
drogenase and glucose-6-phosphate de- 
hydrogenase activities in the corneal 
epithelium increased sharply, while the 
corresponding enzymatic activities in 
the stroma declined with development. 
Other examples of protein loss during 
differentiation are the disappearance of 
heart myosin from parts of the blasto- 
derm (30) and of proteins for the for- 
mation of tryptophan peroxidase in the 
embryonic gut (3/). 

The scleral and corneal mesoderm 
differentiate not only with respect to 
autonomy or dependence of their energy 
supply but also with respect to the type 
of mucopolysaccharide produced. In the 
nontransparent sclera of the chick, 
cartilage is formed with chondroitin sul- 
fate as the main constituent. In the 
cornea is found a mucopolysaccharide 
mixture in which keratosulfate is preva- 
lent. Chondroitin sulfate contains galac- 
tosamine, glucuronic acid, and sulfate, 
while keratosulfate is made up of glu- 
cosamine, galactose, and sulfate but no 
uronic acid. It will be of interest to 
investigate whether the same differences 
in the metabolic pathways which sup- 
port syntheses in the cornea and sclera, 
respectively, also control the types of 
mucopolysaccharides which are formed 
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in these two tissues and determine there- 
by their histological character. 

The results obtained through analysis 
of the corneal tissue interaction should 
be directly pertinent to an understand- 
ing of embryonic systems in which 
growth and differentiation of a meso- 
dermal component depend upon the 
presence of ectodermal cells. This could 
be expected to be true particularly in 
the developing limb (J0) and wing bud 
and in some forms of limb regenera- 
tion (32). In this connection, several 
investigators have found that the normal 
development of the mesodermal skele- 
ton depends upon the presence of a 
specific thickening in the ectodermal 
cover of these primordia. In turn, in the 
absence of an appropriate mesodermal 
component, thickening of the ectoder- 
mal cover does not occur. Other types 
of embryonic ectodermal-mesodermal 
interactions, such as those between 
somites and neural tissue (33) and those 
observed in several in vitro systems (9), 
may show more or less closely related 
mechanisms as part of the total differ- 
entiation process. 

The demonstration of pathways of 
metabolic interactions between cells 
may lead to a reconsideration of earlier 
thoughts about the role of metabolism 
in morphogenesis, such as the gradient 
theories of Runnstrom (34) and Child 
(35). The significance of these theories 
was never fully appreciated because 
they failed to establish a relation be- 
tween the observed metabolic param- 
eters and synthetic processes which de- 
termined, at least in part, the progress 
of development in the analyzed tissues. 
With the recognition of a control of 
syntheses by intercellular metabolic in- 
teractions, these early observations may 
become more meaningful. Also, new 
and pertinent data have been obtained 
by Spratt (36) and by Backstrom (37). 
It is of particular interest that many 
data in this work point to sulfhydryl 
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groups of small molecular substances 
and of proteins as the key to the meta- 
bolic control of embryogenesis. In view 
of work on sulfhydryl proteins men- 
tioned above (24), it may be that large 
molecular sulfhydryl compounds con- 
stitute a component in the unification 
of structural and functional aspects of 
developing tissues. Possibilities of a con- 
trol of protein synthesis in one tissue 
by supply of essential amino acids from 
an adjacent tissue have been pointed 
out by Wilde (38). 

Metabolic cell interactions may also 
occur in adult tissues, although the slow 
rate of syntheses may make their detec- 
tion more difficult. Nevertheless, a more 
intensive search for such possibilities in 
adult tissue seems desirable, since some 
degenerative processes may well be 
brought about by a failure of just such 
direct metabolic interactions between 
cells (39). 
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Franklin S. Harris, Agronomist, 


Educational Administrator 


The present concern of the United 
States with an abundance of food in- 
stead of famine is due, in great meas- 
ure, to the contributions of such men 
as Franklin Stewart Harris. His pioneer- 
ing contributions to the agriculture of 
arid regions have served as a solid 
foundation for the development of 
irrigated agriculture in the United 
States. As an educator and as president 
of two universities, he had a profound 
influence in stimulating large numbers 
of young people to seek careers in sci- 
ence. As an adviser to foreign countries, 
he paved the way for better agriculture 
and friendly relationships with the 
United States. 

Harris was born in Benjamin, Utah, 
in 1884 but spent his youth in northern 
Mexico. His college training was re- 
ceived at Brigham Young University, 
Utah State University, and Cornell 
University. Immediately thereafter he 
returned to Utah State University as 
soil chemist. There he produced nu- 
merous technical publications on the 
effects of irrigation practices on the 
yield and composition of crop plants. 
He also helped plan and conduct some 
of the first experiments on fallowing 
land in order to conserve moisture and 
increase yields of wheat under arid 
conditions. During this period he be- 
came interested in salt and alkali in 
soils and studied their effects on soils 
and plants. His book Alkali Soils was 
a unique summary of information up 
to 1921. 

Modern irrigation in the United 
States began in 1847 with the Mormon 
pioneers, near the center of what is 
now Salt Lake City. Arriving in the 
dry, sun-baked valley on 24 July, they 
diverted water from City Creek onto 
the land to provide moisture for plow- 
ing and planting of crops. Experimental 
work in irrigation was initiated by the 
Utah Agricultural Experiment Station 
in 1889, and scientific principles involv- 
ing soil and plant science were devel- 
oped, in a large measure, by the studies 


26 AUGUST 1960 


of J. A. Widtsoe and F. S. Harris. They 
measured the water applied and the 
effects of this on the growth habits and 
yield of several crop plants. The re- 
sults and conclusions obtained by these 
two agricultural scientists were basic 
to irrigation in agriculture until super- 
seded in the last ten years by newer 
concepts and findings. 

Although fallowing land to increase 
crop yields goes back to Old Testament 
history, the modern practice of alter- 
nating crop and fallow for wheat pro- 
duction under arid conditions was first 
worked out in northern Utah in the 
middle part of the 19th century. Re- 
search on this practice, known generally 
as dry-farming, was first initiated in 
1901. Harris became involved in some 
of the early experiments and helped 
to plan and carry out some of the first 
studies to measure the moisture and 
nutrient build-up in fallowed soils and 
the effects of these on crop growth. 

In addition to conducting a vigorous 
and productive research program, Har- 
ris was active in scientific societies. He 
was elected president of the American 
Society of Agronomy in 1920. He 
helped organize and held offices of 
leadership in the Utah Dry Farmers’ 
Association and the Utah Irrigation and 
Drainage Congress. His broad experi- 
ence and unusual memory made him 
an excellent teacher. He stimulated 
large numbers of young men from the 
West to become technically educated 
and to advance to positions of leader- 
ship in agricultural science. 

Only five years after receiving the 
doctoral degree he became director of 
the Utah Agricultural Experiment Sta- 
tion (1916). At a time when agri- 
cultural science was still too often 
limited to field observations, he _ in- 
sisted on precise measurements and 
on combining field studies with chemi- 
cal and physical investigations under 
controlled laboratory and greenhouse 
conditions. 

Harris served as university president 


for 29 years—24 years at Brigham 
Young University and five years at 
Utah State University. During this 
period the state of ‘Utah reached a 
position of sending more than twice the 
national average of its college grad- 
uates into science, as listed in American 
Men of Science. As president of two 
of the three universities in the state, 
Harris was an important force in en- 
couraging graduates to go into science. 

Harris had a special gift for provid- 
ing the practical illustration or phrase 
that would illuminate the heart of a 
problem. He was the rare kind of man 
of whom it can be said that he was 
thoughtful of others without having to 
think about it. He will be long re- 
membered for the force of his per- 
sonality and the warmth of his friend- 
ship. He seemed never to forget any 
former student and could recall him by 
his first name after an absence of many 
years. 

In the midst of his busy life as 
research scientist in agriculture, teacher, 
and university president, Harris found 
time for several missions to help agri- 
culture and education in other coun- 
tries. In 1926 he served as chairman 
of the Agricultural Sections of the Pan- 
Pacific Congress in Japan. Then, later, 
he was made chairman and agricultural- 
ist of the Jewish Colonization Organi- 
zation of Russia, which was contem- 
plating Jewish settlement of a tract of 
land along the Amur River in Siberia. 

Perhaps the most noteworthy of his 
foreign accomplishments resulted from 
missions to the Middle East in 1946 
and again in 1950. The contacts and 
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close relationships he established with 
leaders in Iran were important in ce- 
menting the present close relationships 
between that country and the United 
States. 

Throughout his career Harris had 
the warm support of his wife, Estella 


Spilsbury Harris. She accompanied 


him to public functions and made their 
home notable for generous hospitality, 
and together they reared a distinguished 
family of six children. 

The death of Harris in April of this 
year terminated a busy career which 
had been a source of inspiration to 
thousands of college students. He had 


Science in the News 


Use of Funds from Sales of 
Surplus Foods for Science and 
Education Is Not up to Expectations 


For six years the United States has 
been selling about a billion dollars’ 
worth of surplus food abroad each year. 
Most of the money is given back to 
the purchasing country in the form of 
outright grants or long-term loans. 

About one-fifth of the money is ac- 
tually available for the United States to 
spend. Most of this “U.S. use” share of 
the proceeds is used to supply the for- 
eign currency needs of American diplo- 
matic and military personnel in the 
countries involved in the sales agree- 
ments. Some of it is earmarked for such 
programs as the Fulbright scholarships 
and agricultural research. In a few 
countries there is an excess of currency. 
We have more than we can spend, and 
to remove this embarrassment of riches 
Congress last year authorized the use 
of excess foreign currency for such 
things as scientific and cultural ven- 
tures. But the effects of this new au- 
thority have, so far at least, turned out 
to be unimpressive. Indeed, due to some 
wording slipped in late in the Congres- 
sional deliberations, the amendments to 
Public Law 480 intended to expand the 
science and education programs fi- 
nanced under this act have actually had 
the effect of inhibiting those activities. 

The law is known formally as the 
Agricultural Trade Development and 
Assistance Act of 1954, and more famil- 
iarly as simply PL 480, despite some 
efforts to give it a more impressive title, 
such as the Food for Peace Act. Es- 
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sentially the law represents an effort to 
get rid of some of our immense food 
surpluses to the mutual advantage of 
ourselves and the rest of the world. 

During the last fiscal year (ending 
30 June 1960) the “U.S. use” share of 
the proceeds came to just over a quar- 
ter of a billion dollars, or 22 percent of 
the total value of the food shipped 
abroad. Of this, only $5.1 million was 
available for the scientific, medical, and 
cultural programs under the new au- 
thority given in the 1959 amendments. 
Nearly 80 percent of this limited 
amount was for agricultural research, 
the remainder was for the National 
Science Foundation translation pro- 
gram. This was spent in three coun- 
tries: Yugoslavia, Poland, and Israel. 
The Yugoslavs and Poles worked 
mainly on translating their own publi- 
cations into English; the Israelis worked 
mainly on English translations of Rus- 
sian work. 

There was no money available for 
such newly authorized programs as the 
acquisition and distribution by the Li- 
brary of Congress of foreign publica- 
tions and the establishment of chairs 
in American studies in foreign univer- 
sities. The limited “U.S. use” funds are, 
in most countries involved in the pro- 
gram, fully committed to cover the 
needs for foreign currency under the 
older programs, which have priority. 
The new authority to pay for cultural, 
scientific, medical, and educational ac- 
tivities (Section 104k) only becomes 
useful when the government finds it 
has an excess of foreign money that 
might otherwise go unused. As inter- 


produced six books and numerous sci- 
entific articles and had guided the de- 
velopment of agriculture in several for- 
eign nations as well as in the western 
United States. 

WYNNE THORNE 
Agricultural Experiment Station, 
Utah State University, Logan 


preted by the Bureau of the Budget, 
this means that no money can be made 
available for the new programs until 
the U.S. has accumulated a backlog of 
several years’ currency in a country, 
enough to meet any shortage that might 
develop. The decision as to whether 
there is surplus money available in a 
given country is somewhat arbitrary, 
depending on what you call a reason- 
able layaway for future years. But 
even the most generous estimators do 
not see any surplus money in more 
than a dozen of the 38 countries taking 
part in the agreements. The Bureau of 
the Budget, which has the final say, 
narrows this down to only six. This 
means there is some but not a great 
deal of money that might be made 
available to expand programs under 
Section 104k next year. 


Federal Bookkeeping 


To get this money, an agency that 
would like to spend some excess cur- 
rency puts in a request with the Bureau 
of the Budget. The bureau then dis- 
tributes whatever excess money there 
is available among the requesting agen- 
cies. The agencies put the requests, in 
terms of the equivalent in American 
dollars, into their next budget request 
to Congress. If they get an appropria- 
tion they draw the money out of the 
Treasury and give it to the Commodity 
Credit Corporation, which handles the 
PL 480 program, and in return draw 
the equivalent in foreign currency. 
Thus, although for bookkeeping pur- 
poses the money appears as an addition 
in dollars to the agency’s budget, the 
American money merely travels around 
within the government. Nevertheless, in 
the view of some critics this bookkeep- 
ing arrangement has had an unfortu- 
nate effect on the programs for using 
excess PL 480 funds. These critics, in- 
cluding some within the Administra- 
tion, suggest that the Bureau of the 
Budget is so intent on keeping the fed- 
eral budget as low as possible that it 
tends to try to cut down even spending 
of excess foreign currency under PL 
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480. For, although this involves no ac- 
tual expense to the government, the 
bookkeeping arrangement does lead to 
an apparent increase in the budget. 


There will probably be an increase of 


Section 104k programs in the years 
ahead. Neither Nixon nor Kennedy is 
as conservative on budget questions as 
Eisenhower has been, and both insist 
that they will vigorously support an 
expansion of sales of surplus goods; 
this will make more PL 480 funds avail- 
able in any case. Meanwhile, unless 
Congress finds time in the current hec- 
tic session to alter the wording that 
went into the law with Section 104k, 
the chief immediate effect of this 
amendment designed to increase spend- 
ing on scientific, educational, and cul- 
tural activities will be to limit such ac- 
tivities. 

What happened was that Senator El- 
lender of Louisiana, who has long been 
irked by what struck him as excessive 
waste in the foreign aid programs, took 
the opportunity while the biil was being 
prepared for final passage in a House- 
Senate conference to insert a clause re- 
quiring that any spending for the pur- 
poses of Section 104k—that is, for 
medicine, science, education, or cul- 
ture—had to be authorized by a spe- 
cific Congressional appropriation. It is 
not clear whether the majority of the 
conference committee realized at the 
time that Ellender’s wording would ap- 
ply to any spending of PL 480 money 
for such purposes, and not only to the 
spending of excess “U.S. use” money. 
The Administration has been trying to 
have a correction made, but so far with- 
out success. Efforts to add a correcting 
amendment to this year’s Mutual Secu- 
rity bills were killed in committee in 
both the House and Senate on the 
grounds that such a correction could 
not properly be included in the legisla- 
tion at hand. It now appears unlikely 
that a correction will be made before 
some time next year. Meanwhile, when 
the State Department negotiates a trade 
agreement under PL 480 it can readily 
agree to make some of the foreign 
country’s share of the funds available 
for building a road or a dam, but if 
the country wants some money for a 
school or a laboratory, the State De- 
partment must tell it to wait until a 
specific appropriation can be gotten 
from Congress. This takes about 18 
months, and the State Department’s 
negotiators have been having some diffi- 
culty in explaining that, despite the de- 
lay, the United States really has noth- 
ing against science and education. 
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Treaty Reducing Tariffs on Books, 
Art, and Scientific Instruments 
Takes Another Small Step Forward 


The State Department has now sent 
to Congress draft legislation to imple- 
ment the Florence Agreement on re- 
moving tariffs and import restrictions 
on scientific, educational, and cultural 
material. There is not enough time left, 
at this late date, for the legislation to 
be put through in the current session. 
But it appears that the agreement is 
likely to actually go into effect some 
time next year. It has been in the works 
for a dozen years. 

The State Department says it is un- 
certain about the likely effects of the 
agreement. They are not likely to be 
earth-shaking. But implementation of 
the treaty will mean tariff reductions 
that will save a fairly substantial 
amount of money for educational insti- 
tutions buying certain narrowly re- 
stricted types of scientific equipment. 
It will allow modest savings for people 
who buy books that have been published 
abroad. The most obvious beneficiaries 
will probably be museums and art col- 
lectors who for years have felt har- 
rassed by customs inspectors who have 
frequently insisted that works of mod- 
ern art were not really art under the 
provisions of the U.S. customs regula- 
tions and were therefore subject to the 
heavy import duties laid on “decora- 
tions.” 

The Florence Agreement was nego- 
tiated in 1949 by the United States and 
other members of UNESCO. In June 
1959, the United States became the 
31st country to sign the agreement. 
The Administration asked the Senate 
for its advice and consent at the end 
of August 1959. By that time it was 
too late for the Senate to act, but hear- 
ings were held in January of this year, 
soon after the new session began, and 
on 23 February the Senate consented 
to ratification by a vote of 71 to 14. 
The debate was brief. The only criti- 
cism was voiced by Senator Cotton 
(R-N.H.), who said that he would have 
to vote against the treaty because al- 
though no communist countries had 
jcined the agreement it was possible 
some might and he didn’t want to 
undergo the risk of this country “open- 
ing the door to an influx of literature 
from those countries.” The principal 
items covered by the treaty are books, 
works of art, and, with severe limita- 
tions, scientific instruments. 

The treaty’s actual effectiveness will 
depend very much on the way in which 


the next Administration chooses to in- 
terpret it. There are several escape 
clauses, the most important allowing a 
country to clamp on tariffs or import 
quotas in spite of the treaty if it feels 
the imports might unreasonably dam- 
age domestic producers of similar 
goods. 

In the case of scientific instruments 
the treaty is especially limited: it ap- 
plies only to instruments going for re- 
search purposes to educational institu- 
tions. Individual buyers will not bene- 
fit, and in any case the treaty will apply 
only when instruments equivalent to 
the ones being imported are not pro- 
duced within the importing country. 
This means that a foreign microscope 
costing $100 could not be imported 
duty free unless it were superior in 
some way to any microscope produced 
in America, no matter what the price. 

Another escape clause, intended 
primarily for books, allows the treaty 
members to bar any items they regard 
as a threat to “national security, public 
order, or public morals.” Despite this, 
none of the communist countries has 
shown any interest in signing the agree- 
ment. They apparently share Senator 
Cotton’s apprehensions about the dan- 
ger of opening their countries to an in- 
flux of literature from foreign coun- 
tries. 


Implementing Legislation 


Under the Constitution treaties are 
self-implementing—that is, their pro- 
visions take precedence over any do- 
mestic laws to the contrary. But as a 
practical matter the Administration 
makes a practice of holding up the 
final steps of ratification of most trea- 
ties until Congress has passed legisla- 
tion revising domestic laws to conform 
with the treaty, assuming such revi- 
sions are necessary. In this case, the 
necessary revisions relate to the elimi- 
nation of tariffs and import quotas on 
the goods covered by the treaty and to 
establishing some mechanism for de- 
ciding when use of the escape clauses 
might be justified. After the Senate ap- 
proved the treaty it took six months 
for the various interested agencies (the 
State Department, the Treasury, the 
Tariff Commission, and several oth- 
ers) to confer among themselves over 
who should make the determination. 
This accounts for the delay between the 
time the treaty was approved and the 
submission of draft legislation. Actually 
no decision was ever made. The draft 
legislation simply grants the President 
the power to designate someone who 
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will make the decision. Congress, of 
course, can alter the draft legislation 
as it pleases and will probably be more 
specific about who is to decide when 
to apply the escape clauses. 


Opposition Active 


Congressional action, though, will 
not come until some time next year. 
There would be only the slightest 
chance of the legislation getting through 
during the current brief session even 
if there were no opposition. In fact 
there is some opposition, which re- 
moves any possibility of Congressional 
action during the current rump session. 
O. R. Strackbein, who runs an all-pur- 
pose high-tariff lobby known as the Na- 
tionwide Committee of Industry, Agri- 
culture, and Labor on Export-Import 
Policy, has informed the House Ways 
and Means Committee that he would 
like to testify against the treaty. The 
Scientific Instrument Manufacturers 
Association also. opposes the treaty. 
There may be others. 

The most active group lobbying for 
the treaty has been the book-publish- 
ing industry, which hopes the treaty 
will make it easier to sell American 
books in Canada. The book printers, 
and. the printers unions, on the other 
hand, seem to have their doubts about 
the benefits, and some of them, at least, 
are against the treaty. (Book publishers 
do not normally own the companies 
that print their books.) It was in defer- 
ence to the printers that the United 
States delayed for so many years be- 
fore signing the treaty. The Interna- 
tional Copyright Agreement was signed 
about the time the Florence Agree- 
ment was opened for signatures. That, 
too, provided for removing some re- 
strictions on importing books, and the 
State Department accepted the print- 
ing industry’s view that the industry 
should not be subjected to a further 
lowering of protection until the effects 
of the first could be gaged. The State 
Department has a tough fight on its 
hands every time the Reciprocal Trade 
Agreements Act (i.e. lower tariffs) 
comes up for renewal in Congress, and 
it doesn’t like to offend any more 
people than it has to. The British, for 
their own reasons, took a long time to 
get around to joining the International 
Copyright Agreement, and it therefore 
was not until 1959 that the State De- 
partment felt it had enough evidence 
to indicate the lowered import barriers 
were causing no discernible damage to 
the American printing industry. 
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Scientists Concerned over Fate of 
Congo Parks 


It is a matter of grave concern to 
natural scientists the world over that 
the newly established Congo Govern- 
ment should take appropriate measures 
to safeguard the unique sanctuaries for 
Central Africa’s fauna and flora that 
are now found within the Congo parks. 
It is hoped that the new government 
will not hesitate to call upon the United 
Nations and its speciaiized agencies, as 
well as the International Union for the 
Conservation of Nature, to furnish it 
with scientific and technical assistance 
in carrying out a task which is of such 
concern to the world of science. 

A great achievement in the field of 
the natural sciences has been accom- 
plished during the past 30 years by 
Victor Van Straelen, a far-sighted and 
distinguished Belgian naturalist, with 
the support of the Belgian Government 
and the assistance of a small staff of 
dedicated Belgians and Congolese. 
More than 10,000 square miles of bio- 
geographically differing territories of 
tropical Africa have been established in 
four great natural parks to protect the 
fauna and flora within these areas from 
outside influences and to preserve them 
for the future benefit of mankind. 

The parks are the Albert National 
Park, bordering Uganda (3160 square 
miles); the Garamba National Park, 
bordering the Sudan (1922 square 
miles); the Upemba National Park, in 
Katanga (4581 square miles); and the 
Kagera National Park, in Ruanda and 
bordering Tanganyika (980 square 
miles). Altogether the parks occupy 
about 1 percent of the entire land 
area. 

There is little awareness that no 
large areas in the tropics have been as 
intensively scientifically studied and in- 
ventoried as those that lie within these 
four parks, which have been adminis- 
tered since 1929 by the Institute of the 
National Parks of the Congo and 
Ruanda Urundi, with a board of direc- 
tors made up of two-thirds Belgians 
and one-third conservation leaders from 
England, France, Holland, Portugal, 
Switzerland, and the United States. 

The Congo parks, which include a 
wide range of habitats from high rugged 
mountains and active volcanoes to 
grassy plains and lakes teeming with 
animal life, have been largely protected 
against the influence of outside forces, 
including man. They have been admin- 
istered in such a way as to preserve as 


far as possible the natural balance of 
their biotic environment from the 
smallest microscopic worm to the larg- 
est elephant, from the largest trees to 
the most inconspicuous mosses. In fact, 
these parks represent what was defined 
by the London African Convention of 
1933 as “integral natural reserves” or 
what we call in this country “primitive 
areas,” areas that have been set aside 
within our national parks or forest re- 
serves which are not usually open to 
the general public. In fact, it was the 
American naturalist, Carl Akeley, who 
encouraged King Albert back in 1925 
to issue the decree first establishing the 
Albert National Park to protect the 
habitat of the mountain gorilla. In the 
Congo parks, such rare species as the 
northern white rhinoceros and _ the 
mountain gorilla have complete sanc- 
tuaries, as do hundreds of species of 
African animals, each filling its niche 
in a relatively undisturbed natural bi- 
otic community. 

It should be pointed out that the In- 
stitute of National Parks has allowed 
limited access to certain sections of the 
parks to the tourist public, particularly 
in the Ruindi-Rutshuru plains area of 
the Albert National Park, which has at- 
tracted several thousand visitors and 
tourists each year with its antelope, 
buffaloes, hippos, lions, and elephants. 
However, as a general policy, in the 
rest of the parks access roads have 
been kept at a minimum, while a wide 
variety of scientific research has been 
constantly under way. 

The scientific effort that has gone into 
the study of these parks is evidenced by 
the fact that back in 1956 the Institute 
had issued 262 scientific reports total- 
ing more than 20,000 pages, including 
descriptions of 2467 new species. Their 
photographic record at that time in- 
cluded more than 50,000 prints. Sample 
subjects that were dealt with in these 
comprehensive scientific reports include 
fossils, plants, insects, reptiles, large 
mammals, soils, hydrology, 
structure, and volcanoes. 

During the 25 years from 1932 to 
1956, 13 naturalists were engaged in 
repeated field missions, assisted by 34 
additional scientists supported by funds 
of the Institute, with the result that the 
three biologically differing areas of the 
Albert, Garamba, and Upemba Parks 
were so intensively studied that their 
fauna and flora are actually more thor- 
oughly known than those of any large 
African area, or in fact of any exten- 
sive tropical area in the world. The 


SCIENCE, VOL. 132 


geologic — 








| ty 


in; 





into 


tute 
tal- 
ling 
heir 

in- 
aple 
nese 
ude 
arge 


ogic | 


2 to 
1 in 
r 34 
inds 
_ the 
the 
arks 
their 
hor- 
arge 
cten- 


- 132 





identification of the vast collections that 
have been assembled there is still under 
way, and has involved taxonomists in 
many fields from various countries. 
From a scientific point of view, the in- 
ventories of the fauna and flora of the 
Congo parks, some of which have been 
published and many of which are still 
in preparation, make these areas partic- 
ularly suitable for future ecological 
studies. 

It should also be borne in mind that 
the Congo parks can be of great eco- 
nomic value, not only on account of 
their inierest to visitors and tourists, 
but also because they furnish a res- 
ervoir of species of future value to 
the Congo as well as to other tropical 
areas of Africa. They additionally help 
to stabilize the climate and water re- 
sources for extensive agricultural lands 
adjoining the park boundaries. 

Haro_pD J. CooLipGE 
International Union for the 
Conservation of Nature and 
Natural Resources, Washington, D.C. 


News Notes 





Soviet Recovers Dogs from Orbit; 
U.S. Snares Capsule in Air 


The Soviet Union has retrieved two 
dogs and other unidentified animals 
from an orbiting satellite; this is the 
first time that living creatures have 
been recovered from space. The cabin 
in which the animals traveled for 24 
hours was equipped with television 
transmitters so that the animals could 
be studied while in flight. The 5-ton 
satellite circled the earth 17 times be- 
fore the cabin was detached (on 20 
August) and sent back to earth from 
an altitude of 198 miles. It landed 
within 6 miles of a precalculated land- 
ing site. All the animals are reported 
to be in good condition. 

The Soviet success overshadowed a 
United States achievement of the pre- 
vious day, the retrieval by the Air 
Force of an ejected Discoverer satellite 
capsule at an altitude of 10,000 feet, 
the first recovery to be made in the air. 
As it parachuted down, the 85-pound 
payload was snared by a plane equipped 
with hooks. Eight days earlier the Air 
Force had succeeded in making the 
first recovery of a man-made object 
from orbit when it retrieved from the 
sea an instrument capsule ejected by 
Discoverer XIII. 
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Rabi Attacks Secrecy in Government 


I. I. Rabi, Columbia University phys- 


-icist and Nobel Prize winner, says in 


the August Atlantic that he has been 
“forced to the conclusion” that many of 
this country’s policy difficulties stem 
from distortion caused by “the exagger- 
ated secrecy in the military field, and 
in the atomic field especially.” Rabi is 
former chairman and now a member of 
the President’s Science Advisory Com- 
mittee. In his article on “The Cost of 
Secrecy” he warns that although most 
policy makers, amateur or professional, 
are not deeply interested in or capable 
of judging the technological situation, 
secrecy results in frustration, doubt, and 
timidity about the exercise of any in- 
dependent judgment. 

“The result,” says Rabi, “has been 
that a number of less inhibited men of 
greater or lesser scientific or technical 
accomplishment, but with a low boiling 
point, have been gaining the public ear 
on the basis of prestige acquired 
through a technical accomplishment 
quite limited in scope. Their policy 
statements are given weight on the basis 
of skills not necessarily relevant to the 
dread subjects of war and peace, which 
they discuss with confidence. 

“Were it not for the secrecy which 
hides the hard core of the matter, the 
intelligent public would be quite capa- 
ble of judging the questions under dis- 
cussion. The fear of being guilty of 
judgment based. on a partial knowledge 
of the facts misleads many judicious 
people into accepting judgments by oth- 
ers whose knowledge is often even more 
partial but which extends into the dread 
domain of the top-secret.” 

Rabi points out that the government 
cannot act strongly without ample sup- 
port from public opinion. He says: 

“When secrecy intervenes, an in- 
formed public opinion can hardly exist. 
Too often we have, instead, a manipu- 
lated public opinion formed by leaks, 
half-truths, innuendoes, and sometimes 
by outright distortion of the actual 
i. ea 

“The difficulty of secrecy within the 
government is that, unless administered 
with the greatest wisdom, it furthers 
confusion, which comes from ignorance 
or partial knowledge, and often results 
in inaction or unwise acts. The farcical 
snafu of the U-2 incident with all its 
overtones of tragedy shows how great 
the costs of secrecy can be, even in the 
highest echelons of government. 

“We can now ask ourselves, what 


have we really gained from our exagger- 
ated secrecy in the way of real secu- 
rity? Actually, very little. The Russians 
are not far behind us in atomic weap- 
ons, but our allies have been left way 
behind, after expending an enormous 
treasure in trying to rediscover facts 
and techniques already known to the 
Russians as well as to ourselves.” 


International Nutrition Congress 
Holds First United States Meeting 


Leading research scientists in the field 
of nutrition from 59 countries will pre- 
sent reports of their recent investiga- 
tive work at the fifth International Con- 
gress on Nutrition in Washington, D.C., 
1-7 September. In addition to a White 
House representative, Secretary Benson 
of the Department of Agriculture and 
Secretary Flemming of the Department 
of Health, Education, and Welfare will 
welcome the 2500 or more specialists 
expected to be present. 

W. Henry Sebrell, Jr., of Columbia 
University, chairman of the program 
committee, has announced that there 
will be seven half-day panel discussions 
led by 50 invited scientists from 20 
foreign countries and the United States. 
There will also be 37 special sessions at 
which 370 ten-minute papers reporting 
unpublished results of original research 
will be presented by approximately 500 
investigators from almost every country 
in the world. The congress will close 
on 6 September with an all-day sympo- 
sium on world food needs and food 
resources, followed by an all-congress 
banquet. Headquarters hotels will be 
the Sheraton-Park and Shoreham. 


Sponsors and Officers 


This is the first time that an Interna- 
tional Congress on Nutrition has been 
held in the United States. This fifth 
congress is being arranged under the 
auspices of the International Union of 
Nutritional Sciences, the American In- 
stitute of Nutrition, and the U.S. Na- 
tional Committee of the International 
Union of Nutritional Sciences of the 
National Academy of Sciences—Nation- 
al Research Council. Several agencies 
of the United States Government, as 
well as American foundations, institu- 
tions, and interested segments of in- 
dustry, are providing financial support. 

The organizing committee for the 
congress is under the chairmanship of 
Paul Gyorgy, professor of pediatrics at 
the University of Pennsylvania, and C. 
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Glen King, executive director of the 
Nutrition Foundation, Inc., is congress 
president. The general secretary is Mil- 
ton O. Lee of the Federation of Amer- 
ican Societies for Experimental Biology. 


Sanitary Engineering Survey 
Launched in Latin America 


Gordon M. Fair of Harvard: Uni- 
versity has been appointed by the Pan 
American Health Organization to initi- 
ate a survey on the teaching of sanitary 
engineering in Latin America and to 
present a series of lectures on current 
sanitary engineering subjects. Fair, who 
is Harvard’s Abbott and James Law- 
rence professor of engineering and Gor- 
don McKay professor of sanitary en- 
gineering, will have toured 11 Latin 
American nations when he returns to 
the United States in late September. 

He is discussing sanitary problems 
with government officials and is visit- 
ing schools of engineering in Mexico, 
Guatemala, Panama, Colombia, Ecua- 
dor, Peru, Chile, Argentina, Uruguay, 
Brazil, and Venezuela, in that order. 
Fair’s survey material will also be used 
as the basic data to be studied at a 
seminar on the teaching of sanitary 
engineering which PAHO will sponsor 
in 1961. 


Intergovernmental Oceanographic 
Commission Recommended 


Representatives from 34 countries at- 
tended the UNESCO-sponsored Inter- 
national Conference on Oceanography 
in Copenhagen, Denmark, 11-16 July. 
The seven-man delegation from the 
United States was headed by James H. 
Wakelin, Jr., Assistant Secretary of the 
Navy for Research and Development. 

The conference recommended that 
UNESCO set up a permanent intergov- 
ernmental oceanographic commission 
(IOC) to coordinate oceanographic re- 
search by states and_ international 
bodies. The Intergovernmental Ocean- 
ographic Commission would work with 
a special Office of Oceanography within 
UNESCO's Department of Natural Sci- 
ences to coordinate research on a per- 
manent basis, the commission meeting 
once a year. This is subject to final ap- 
proval by the General Conference of 
UNESCO in November. 

The conference recognized that one 
of the chief obstacles to oceanographic 
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research is the lack of qualified ocea- 
nographers, and it recommended that 
the number of fellowships financed by 
UNESCO be appreciably increased so 
as to offer greater training facilities for 
such specialists. UNESCO was also 
asked to organize a conference of deans 
of science faculties or science profes- 
sors from all parts of the world to dis- 
cuss the means of developing university 
teaching in the marine sciences. 

Other steps toward international co- 
operation recommended by the confer- 
ence are standardization and intercali- 
bration of methods and equipment, the 
collection and exchange of oceano- 
graphic data, and the organization of 
joint research programs in specified re- 
gions by groups of countries, such as 
the one planned for the Indian Ocean. 
The conference also voted a resolution 
asking governments and international 
organizations to take immediate steps 
to prevent pollution of the sea and to 
intensify research in this field. 


Funds for Basic Research 
Estimated at $1 Billion a Year 


The National Science Foundation es- 
timates that total funds for the perform- 
ance of basic research in the United 
States reached a level of $1 billion in 
the year 1959-60. The amount is based 
on a new statistical report, “Funds for 
the Performance of Basic Research in 
the United States, 1953-58,” the 22nd 
publication in the NSF series Reviews 
of Data on Research & Development. 

The recent survey indicates that basic 
research funds rose from about $430 
million in 1953-54 to more than $830 
million in 1957-58, an increase of 93 
percent. However, throughout this pe- 
riod funds for basic research continued 
at a level of about 8 percent of the total 
estimated research and development 
funds, which reached a $12 billion an- 
nual level for 1959-60. The substantial 
rise in the level of basic research funds 
is part of a “long-term increase in sci- 
entific and technological activity,” the 
foundation said. 

The series indicates that colleges and 
universities expended about half the 
national total in the performance of 
basic research in the 1957-58 survey 
year. The industry sector reported using 
about a third of total national funds for 
the same purpose. Performance of basic 
research by both the federal govern- 
ment and other nonprofit institutions 


accounted for a relatively smaller por- 
tion of funds, 13 and 6 percent, respec- 
tively. 

The federal government provided the 
largest amount of basic research funds 
in the 1953-58 period. 

No important change was found in 
the distribution of total funds for the 
performance of basic research by field 
of science over the years covered. The 
physical sciences reached a total of 
more than $550 million, or approxi- 
mately two-thirds of all the natural sci- 
ences funds in 1957-58. The life sci- 
ences accounted for the remainder of 
the basic research funds, or about $280 
million. 

For survey purposes, the foundation 
defines basic research as scientific in- 
quiry in which the primary aim of the 
investigator is a fuller knowledge or un- 
derstanding of the subject, rather than 
a practical application. (Reviews of 
Data on Research & Development, No. 
22, is available from the Superintend- 
ent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., 
15 cents.) 


Mental Health Research 
Foundation Established 


The National Association for Mental 
Health, New York, has announced that 
it has set up a foundation to conduct 
its research activities. The association, 
which has 800 affiliates in 45 states, 
also conducts a nationwide program of 
services to the mentally ill and their 
families, as well as a program of mental 
health education. 

The new research unit, the Research 
Foundation of the National Associa- 
tion for Mental Health, will allocate 
grants for projects and programs con- 
cerned with the causes, prevention, 
treatment, and cure of the many differ- 
ent mental illnesses. It will also provide 
fellowships for medical students inter- 
ested in research on mental illness. The 
foundation will thus assume the func- 
tions of the association’s research de- 
partment, which has been operating 
since early 1959. 

Harold Elley of Wilmington, for- 
merly chief of research of E. I. du Pont 
de Nemours Company, is the founda- 
tion’s first president. Its director is 
William Malamud, who also serves as 
director of professional services of the 
National Association for Mental 
Health. 
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News Briefs 


Deep Freeze’s sixth season. Christ- © 


church, New Zealand, is the advance 
base for United States antarctic opera- 
tions, called Operation Deep Freeze. 
With the coming of the New Zealand 
spring, fleets of long-range aircraft bring 
men and supplies for the air and sea 
lift to Antarctica. 

The first supplementary base person- 
nel reached Christchurch at the begin- 
ning of August, 2 weeks earlier than 
usual, to prepare for Deep Freeze’s sixth 
season. Support forces are expected on 
2 September, and the airlift is to start 
in the first week of October. In the fol- 
lowing few weeks about 1250 men will 
pass through Christchurch on their way 
to the antarctic bases. 

* * Bo 

AFC aid to nuclear education. The 
Atomic Energy Commission has an- 
nounced that it has extended through 
30 June 1964 its programs of assistance 
for nuclear education in United States 
nonprofit educational and medical in- 
stitutions. Some of the programs were 
scheduled to terminate in 1961. Assist- 
ance will be continued on the same 
bases as in the past, except in one of 
the programs. In the reactor technology 
program, no further grants will be made 
for the construction or purchase of 
teaching reactors. However, the com- 
mission will continue to loan to qual- 
ified institutions, without charge, source 
and special nuclear materials for use in 
teaching reactors. 

7 bo * 

Fungi center planned. The National 
Science Foundation has awarded a 
$32,300 grant to a Dartmouth College 
botany department team to establish a 
national center for supplying fungi 
widely used in teaching and research. 
Raymond W. Barrett will direct the 
project, assisted by William Ogata. 

Between 1000 and 2000 genetic 
strains of Neurospora and Aspergillus, 
fungi useful in teaching and research 
in genetics, biochemistry, and biological 
analysis, will be collected and main- 
tained. Scientists and teachers will be 
able to order stocks free of charge from 
lists that will be published by the 
center. 

5 a a 

Biological engineering. A new society, 
the Biological Engineering Society, was 
inaugurated at a meeting held at the 
Royal College of Surgeons in June. The 
purpose of the society is to bring to- 
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gether members of different disciplines 
—from hospitals, research institutes, 
and industry—to further the applica- 
tions of engineering to biological and 
medical problems. R. Woolmer, pro- 
fessor of anesthesia at the Royal Col- 
lege of Surgeons, was elected first presi- 
dent. The acting secretary is Dr. A. 
Nightingale, Physics Laboratory, St. 
Thomas’s Hospital, S.E. 1, London. 
* co 


Materials research centers. The De- 
partment of Defense, through the Ad- 
vanced Research Projects Agency, has 
recently awarded large contracts to 
three universities—Cornell, Pennsylva- 
nia, and Northwestern—to undertake 
basic research which could lead to the 
development of new materials for mil- 
itary purposes. The level of support 
over a 4-year period will be, respec- 
tively, $6.1 million, $4.4 million, and 
$3.4 million. These funds will cover 
the operating costs of the new research 
centers as well as provide equipment 
and facilities. Establishment of addi- 
tional laboratories at other universities 
is contemplated. The program is desig- 
nated Project Pontus. 

* * 

Chemical society to meet. Some 1500 
papers will be presented at the 138th 
national meeting of the American 
Chemical Society, which wili be held 
in New York, 11-16 September. “A 
Chemist Looks at the World Population 
Explosion” is the title of the chief ad- 
dress, to be given by Albert L. Elder, 
president of the 90,000-member society 
and director of research of the Corn 
Products Company, Argo, Ill. Five 
Nobel Prize chemists are on the meet- 
ing program: Frederick Sanger of Cam- 
bridge University, Severo Ochoa of 
New York University, Glenn T. Sea- 
borg of the University of California, 
Peter J. W. Debye of Cornell Univer- 
sity, and Linus Pauling of California 
Institute of Technology. 

oi) = 

Atomic energy and health. Eight 
United States experts will participate 
in an International Symposium on Le- 
gal and Administrative Problems of 
Protection in the Peaceful Uses of 
Atomic Energy. The symposium will 
be sponsored by the European Atomic 
Energy Community (EURATOM) 5-8 
September, at Brussels, Belgium. It is 
the first of its kind to be held in Europe. 
Experts in the legal and technical fields 
from 15 nations and several interna- 
tional organizations will discuss inter- 


national legal and administrative prob- 
lems of health protection raised by the 
increasing use of. atomic energy for 
peaceful purposes. 
ba a os 

U.N. resolution on abstracting. A 
resolution calling for a study of ab- 
stracting services in various branches of 
science and technology as a basis for 
future action in the field of scientific 
inquiry has been adopted unanimously 
by the Coordinating Committee of the 
United Nations Economic and Social 
Council. The adoption of the resolution 
followed 2 days of debate on a special 
report on “the survey of the main trends 
of inquiry in the field of the natural 
sciences, the dissemination of scientific 
knowledge and the application of such 
knowledge for peaceful ends.” 


Scientists in the News 


S. A. Schelkunoff, assistant vice pres- 
ident of Bell Telephone Laboratories 
and an internationally recognized math- 
ematician, retires from Bell Labora- 
tories on | September after nearly 35 
years of service. He has been appointed 
professor of electrical engineering at 
Columbia University. 

During his telephone career, Schel- 
kunoff made fundamental contributions 
in the field of electromagnetic theory, 
in theoretical studies of waveguides for 
transmitting microwaves, and in re- 
search on antennas for radio communi- 
cation. He is the author of four books, 
and some 50 technical articles, and he 
has been granted 15 patents. 





S. A. Schelkunoff 
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L. C. Birch has been named Challis 
professor of zoology and head of the 
department at the University of Sydney. 
Birch, well known for his studies in 
ecology, evolution, and population -ge- 
netics, spent a year at the University 
of Chicago in 1946-47 and another at 
Columbia University in 1954. In 1959 
he was visiting professor of zoology at 
the University of Minnesota. 


Frederick J. Stare of the department 
of nutrition at Harvard University has 
been appointed a member of the 
AAAS-Theobald Smith Award judging 
committee to replace Arnold D. Welch 
of Yale University School of Medicine, 
who found it necessary to resign from 
the committee. 


Two members of the Chemistry Di- 
vision of Argonne National Laboratory, 
Henry R. Hoekstra and Herbert H. 
Hyman, have begun 1-year research 
assignments at the United Kingdom 
Atomic Energy Establishment, Har- 
well, England, under a staff exchange 
program between Argonne and _ the 
British laboratory. 


Robert Bruce, psychologist and dean 
of the Graduate School at the Uni- 
versity of Wyoming, has been named 
chief of the Graduate Fellowship Pro- 
gram (Title IV) of the National De- 
fense Education Act. He will assume 
his post at the U.S. Office of Educa- 
tion in Washington in September. Bruce 
succeeds Henry E. Bent, who has re- 
turned to his position as dean of the 
graduate faculty and professor of 
chemistry at the University of Missouri. 


E. J. L. Lowbury, member of the 
British Medical Research Council’s sci- 
entific staff at the Industrial Injuries 
and Burns Research Unit, Birmingham 
Accident Hospital, Birmingham, will 
attend the International Congress on 
Research in Burns that will be held in 
Washington, D.C., 19-22 September. 
His itinerary includes: New York; 
Cleveland and Cincinnati, Ohio; Fort 
Sam Houston and Galveston, Tex.; 
Louisville, Ky.; and Boston. 


Austin C. Wagenknecht has been em- 
ployed by General Mills, Inc., Central 
Research Laboratories, Minneapolis, as 
principal scientist in charge of lipid 
research in the fundamental food re- 
search department. Wagenknecht joins 
the laboratories from the New York 
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State Agricultural Experiment Station, 
Cornell University, Geneva, where he 
held the position of associate professor 
of biochemistry in the department of 
food science and technology. 


Carl A. Bunde, clinical pharmacolo- 
gist, has been appointed medical re- 
search director of the Wm. S. Merrell 
Company, Cincinnati. From 1937 to 
1949 Bunde held various teaching posi- 
tions at the University of Oklahoma 
School of Medicine, Baylor College of 
Medicine, and Southwestern Medical 
School. 


Ronald Singer, professor of anatomy 
at the University of Capetown, has re- 
turned to his university after a year 
as a Visiting professor in the anatomy 
department at the University of Illinois 
College of Medicine. This year the de- 
partment will have a visiting associate 
professor, John Gamble of St. Mary’s 
Hospital Medical School, University of 
London. 

In the same department, James C. 
Plagge, professor of anatomy, will re- 
turn in September after a 2-year leave 
of absence in Saigon, South Vietnam, 
where he served as Medical Educator 
for the International Cooperation Ad- 
ministration. 


John A. Clausen, chief of the Lab- 
oratory of Socio-Environmental Studies 
at the National Institute of Mental 
Health, Bethesda, Md., has been ap- 
pointed director of the Institute of Hu- 
man Development and professor of 
sociology and social institutions at the 
University of California, Berkeley. He 
succeeds the late distinguished psychol- 
ogist, Harold E. Jones, who headed the 
research installation from 1935 until 
his death in June. 


Terrell L. Hill, professor of chem- 
istry at the University of Oregon, will 
be on sabbatical leave during 1960-61 
in the department of theoretical chem- 
istry, Cambridge University, England. 


Arthur B. Cummins, manager of the 
Central Chemical and Physical Re- 
search Department at the Johns-Man- 
ville Research Center in Manville, N.J., 
has retired after 36 years of service. He 
is an authority on asbestos mining, min- 
eralogy, and filtration technology of 
silica and diatomaceous earth, and holds 
17 patents on silicates, diatomite, mag- 
nesia, and scientific apparatus. 


Theodore A. Ashford, professor of 
chemistry at St. Louis University, has 
been appointed director of the Division 
of Natural Sciences and Mathematics 
at the University of South Florida, 
Tampa. The division will include the 
departments of chemistry, physics, as- 
tronomy, geology, zoology, botany, en- 
gineering drawing, and mathematics. 


Paul C. Tompkins, for the past 11 
years scientific director of the U.S. Na- 
val Radiological Defense Laboratory, 
San Francisco, Calif., has been ap- 
pointed chief of the research branch, 
Division of Radiological Health, U.S. 
Public Health Service, Washington, 
D.C. Eugene P. Cooper, associate sci- 
entific director of the San Francisco 
laboratory since 1953, succeeds Tomp- 
kins as director. 


Recent Deaths 


Harold L. Alling, Pillsford, N.Y.; 
72; geologist; professor at the Univer- 
sity of Rochester from 1925 until his 
retirement in 1953; author of Inter- 
pretative Petrology; 27 July. 

Sigurdur Jonsson, Chapel Hill, N.C.; 
41; professor of pharmaceutical chem- 
istry at the School of Pharmacy, Uni- 
versity of North Carolina; 16 July. 

Arthur W. Klein, Norwalk, Conn.; 
79; a retired professor of mechanical 
engineering at- Lehigh University; 13 
July. 

Harry E. Kleinschmidt, Mystic, 
Conn.; 76; a retired physician and pub- 
lic health specialist; former health and 
education director of the National Tu- 
berculosis Association, which he served 
from 1927 to 1942; author of textbooks 
on health; 24 July. 

Maud L. Menten, East Windsor, Ont.; 
81; professor emeritus of pathology at 
the University of Pittsburgh School of 
Medicine; 17 July. 

Norman §S. Olsen, Remsen, N.Y.; 42; 
biochemist and assistant director of the 
Masonic Medical Research Laboratory, 
Utica, N.Y.; previously on the teaching 
staffs of the University of Michigan, 
the University of Illinois, Washington 
University, and Thayer Veterans Ad- 
ministration Hospital (Nashville, Tenn.); 
7 July. 

Earl D. Osborne, Buffalo, N.Y.; 65; 
dermatologist and retired professor of 
dermatology at the University of Buf- 
falo, where he taught for 34 years; 23 
July. 
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Foreign Aid: Theory and Practice in 
Southern Asia. Charies Wolf, Jr. 
Princeton University Press, Prince- 
ton, N.J., 1960. xix + 442 pp. $7.50 


This is an important book—and a 
controversial one. It attempts to devise 
more rational criteria for allocating aid 
between programs and among countries. 
It develops new concepts designed to 
evolve proximate, quantitative expres- 
sions for political characteristics. If it 
were judged by its success in achieving 
this all but unattainable aim, the book 
would be rated lower than if one ap- 
preciates its pioneering quality. A re- 
viewer who is on record as favoring 
attempts to introduce more quantitative 
concepts into the border lands of social 
science [“Quality into Quantity?,” in 
The Comparative Study of Economic 
Growth and Structure (National Bu- 
reau of Economic Research, New York, 
1959)], no matter how tentative the 
result, cannot fail to applaud the tan- 
talizing effort Wolf has undertaken and 
pay homage to his boldness, ingenuity, 
and dogged determination. 

Inevitably, this volume will be com- 
pared with another recent work on for- 
eign aid, George Liska’s The New State- 
craft (University of Chicago Press, 
Chicago, 1960). No two books on the 
same subject could be more dissimilar. 
The political scientist, undeterred by 
the inherent indeterminacy of concepts, 
terms, and policy alternatives, uses a 
broad brush. Wolf, the economist, 
looks to the record for guidance to the 
assumptions that seem to be implied 
in past policy decisions on allocations. 
The historical and statistical detail con- 
tained in the first six chapters is an 
invaluable contribution in its own right; 
it will be appreciated by anyone who 
has been driven to distraction by the 
inconsistencies induced by changing ob- 
jectives and by the perennial tug-of-war 
between the Administration and Con- 
gress. And the lavish documentation is 
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Book Reviews 


a prime guide to hopelessly scattered 
source material. 

But for Wolf this is only the begin- 
ning. He wants to supplement the hit- 
and-miss method of allocating the total 
amount of available foreign aid. Even 
if one does not fully accept the confin- 
ing view that “the problem of increasing 
the effectiveness of the Mutual Security 
Program is . . . synonymous with the 
problem of improving the allocation of 
aid funds” (page 412), it is certainly 
true that the method of allocation is an 
elusive one. And “it is indeed hard to 
avoid the mistakes or repeat the suc- 
cesses of past decisions if the grounds 
for having made them cannot be as- 
certained” (page 68). Hence, Wolf sets 
out to analyze the tortuous course of 
past aid allocations in South Asia, the 
region he knows so well from personal 
experience. He attempts to circumscribe 
the objectives of foreign aid, with a 
view to maximizing the political or mili- 
tary returns from given aid inputs. It is 
a trenchant analysis, logical almost to 
a fault, which dots more i’s than certain 
readers may care for; but those who 
follow the author closely will be re- 
warded by a clearer insight, along with 
many shrewd observations, even if they 
are not willing to accept every detail of 
Wolf’s proprietary method of dissection. 

It is indeed a subjective approach, 
perhaps more so than the author him- 
self is able to perceive. But he remains 
scrupulously honest in his exposition 
and in discussing the limitations of the 
models to which his analysis leads him. 
He attempts to quantify the “produc- 
tivity” of aid and its ability to achieve 
certain objectives, specifically to mini- 
mize the political vulnerability of the 
recipients or to maximize their collec- 
tive military capability. What cannot be 
measured directly has to be approxi- 
mated by something that can, and a 
disconcerting chain of further simpli- 
fications proved necessary in the single 
test provided. The author has few il- 


lusions about the empirical usefulness 
of his models in guiding the policy 
maker toward better allocations. In fact, 
frustration awaits any reader who might 
be tempted to look for practical applica- 
tion. The unique value of the exercise 
is the insight that is gained by thinking 
harder and clearer than customary. As 
in all theory—and no general theory is 
attempted by the author—the real gain 
is proportional to the intellectual invest- 
ment in rigorous analysis; this is not 
negligible even though, as Jacob Viner 
pointed out, “for policy . . . conclu- 
sions are vital, and often are all that is 
vital” [The Long View and the Short, 
(Free Press, Glencoe, Ill., 1958) ]. In this 
sense, the last six chapters of the book 
do not deal with policy, but with the 
theory of policy, and in a highly orig- 
inal manner. 

HENRY G. AUBREY 
Council on Foreign Relations, 
New York 


Radiation. Use and control in industrial 
application. Charles Wesley Shilling. 
Grune and Stratton, New York, 
1960. viii + 223 pp. Illus. $6.75. 


Atomic energy has brought a new 
factor into man’s environment: nuclear 
radiation. Applications and uses of 
radioactive isotopes in industrial proc- 
esses, in the development and operation 
of power plants, in the manufacture 
of radioactive preparations, and in in- 
strumentation grow continuously. Par- 
alleling this increase in the use of iso- 
topes is an increase in the possibility 
of harmful exposure. Sooner or later 
all who are concerned with practical 
medicine have to give intelligent an- 
swers to questions, worries, and fears 
about the real and the imagined dangers 
that result from atomic radiations. 
Moreover, the industrial physician, 
obliged to follow modern technical 
developments in industrial methods 
with their imminent dangers for life 
and health, has to cope with and to 
help in possible radiation emergency 
cases. 

The present monograph, Number 
5 in the series “Modern Monographs in 
Industrial Medicine,” gives the needed 
information about the real facts and 
dangers involved in work with isotopes. 
Five sections and an appendix are 
devoted to discussions of the physical 
and biological fundamentals of radia- 
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tion and radiation effects (including 
somatic and genetic effects), the pre- 
vention and treatment of radiation 
injury, the methods and means of con- 
trolling radiation, and an elaboration 
on the use of radioactive isotopes in 
research, medicine, and industry. The 
presentation is nontechnical, clear, and 
concise. A glossary and selected ref- 
erences assist and stimulate further 
studies. 

The book reflects the author’s great 
experience; this experience, based on 
many personal contacts, discussions, 
conferences, and private studies, en- 
ables him to provide information in a 
logical and perfect form for those who 
must acquaint themselves with the 
effects of ionizing radiations on man. 
It is an eminently practical book. 

A. T. KREBS 
U.S. Army Medical Research 
Laboratory, and Biology Department, 
University of Louisville 


Indian Scientific and Technical Pub- 
lications. Exhibition 1960, a bibliog- 
raphy. Compiled by the National Li- 
brary, Calcutta. Council of Scientific 
and Industrial Research, New Delhi, 
India, 1960. xii + 393 pp. Rs. 25. 


This bibliography, which originated 
in an exhibition of Indian publications 
held at the National Library in Calcut- 
ta, covers books and periodicals in all 
the major scientific and technical areas, 
including certain characteristically In- 
dian subjects, such as ayurveda and yoga 
and the sago and vanaspati industries. 
As one would expect in a country at 
India’s stage of economic development, 
the emphasis in the compilation is on 
topics in the applied sciences and, 
in terms of type of materials, on hand- 
books and textbooks at the intermediate 
and college level. 

The total number of entries is 4800. 
In Part 1, about 2900 entries represent 
13 Indic languages (for example, Hindi, 
800; Marathi, 360; Bengali, 350; Tamil, 
270; Urdu, 180; Sanskrit, 120). Ap- 
proximately 10 percent of the entries 
are translations. Among the subject 
fields, medicine leads with about 800 
publications, followed by agriculture, 
400; engineering, 220; physics, 190; 
general science, 180; astronomy, 150; 
and so forth. In Part 2, 1900 English 
titles are distributed among agriculture, 
500; engineering, 320; medicine, 190; 
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mathematics, chemical technology, and 
physics, about 100 each; the other fields 
of science and technology are repre- 
sented by fewer than 100 titles each. 

The bibliography is arranged accord- 
ing to the Dewey decimal system and 
has three voluminous indexes: an au- 
thor-title index for each part and a 
combined subject index for both parts. 
A directory of the contributing Indian 
publishers rounds out the volume. 

As the compilers themselves point 
out, the merits and shortcomings of this 
bibliography are inherent in the event 
that occasioned it. The fragmentary 
quality of the contributions submitted 
for the exhibition by the publishers of 
India is reflected in the compilation, 
despite attempts of the National Library 
to fill in the gaps (especially from its 
own Indic languages collection). The 
Library plans to correct this deficiency 
by publishing a supplement at an un- 
specified later date. A lesser fault is 
that the reader not familiar with the 
Indic languages is rather at a disadvan- 
tage in scanning Part 1, since no Eng- 
lish translation or annotation of the 
transliterated (Hunterian system) titles 
is given. 

Nevertheless, this is a major and up- 
to-date bibliography of scientific and 
technical monographs and serials is- 
sued in India. It is a useful adjunct to 
such bibliographic tools as the INSDOC 
and UNESCO bibliographies in this 
field and to the union list edited by 
Ranganathan. The great majority of the 
titles listed in this compilation have 
been published in the last decade; thus, 
readers are assured of timely and use- 
ful information on current develop- 
ments in this area. The prirting, the ar- 
rangement, the indexes, and the direc- 
tory of Indian publishers attest to skill 
and care given to the preparation of 
this work. 

T. W. MARTON 
Library, National Bureau of 
Standards, Washington, D.C. 


Gifford Pinchot: Forester-Politician. M. 
Nelson McGeary, Princeton Uni- 
versity Press, Princeton, N.J., 1960. 
xii + 520 pp. $8.50. 


To foresters the name of Gifford 
Pinchot means the man who, above all 
others, created the profession of for- 
estry in the United States, the man who 
was instrumental in shaping the present 





system of national forests, and the man 
who made the U.S. Forest Service a 
model agency. To the conservationist, 
it was Pinchot who worked hand in 
hand with Theodore Roosevelt during 
the glory days of the movement. 
Pennsylvanians will recall Pinchot as 
a vigorous, effective, and honest gov- 
ernor who served the commonwealth 
for 8 years during the °’20’s and 
*30’s, when vigor, skill, and honesty 
were far from commonplace in state 
administration. 

This biography reviews Gifford 
Pinchot’s life as a whole for the first 
time. It is a pleasure to report that 
Nelson McGeary, chairman of the de- 


partment of political science at Penn- 


sylvania State University, has given us 
a full, perceptive, and judicious ac- 
count, of the sort that Pinchot was 
wholly incapable of writing. 

Pinchot considered himself as having 
had two separable careers. He described 
his early work in forestry in the auto- 
biographical Breaking New Ground; 
this career ended in 1910, after Presi- 
dent Taft resolved the Ballinger-Pinchot 
controversy by firing Pinchot as for- 
ester. McGeary originally began the 
present study as a political biography 
of Pinchot’s later years. 

“Don’t try any sly or foxy politics,” 
Pinchot lectured forestry students at 
Yale: “A forester is not a politician.” 
Pinchot’s own life belied the distinc- 
tion, at least for any forester in a 
position to influence public policy. 
McGeary found it essential to broaden 
the compass of his biography. The re- 
sult is an illuminating study in which 
the several interests and activities in 
Pinchot’s career are effectively inter- 
woven. 

Pinchot won two terms as governor 
despite a lack of certain political skills. 
Notably, he had neither talent nor 
taste for compromise. Yet he was by 
no means an unsuccessful practitioner 
in government, and his greatest strength 
in politics stemmed from an unflagging 
devotion to what he conceived to be 
the “greatest good of the greatest 
number in the long run.” This happy 
phrase describes what led him to choose 
forestry for his profession. As a state- 
ment of the underlying objective of 
national forest management, Pinchot’s 
words have become a cornerstone of 
public resource policy in the United 
States. 

Pinchot was a skillful and effective 
administrator, drawing to the Forest 
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Service and later to the state govern- 
ment of Pennsylvania an able and dedi- 
cated corps of men. He was neither 
the sole creator of American forest 
policy nor the sole creator of the US. 
Forest Service. Yet 55 years after the 
Transfer Act that gave the Forest 
Service its present form, American for- 
estry and the Forest Service still show 
his stamp. Pinchot excelled only as the 
chief executive of an organization. He 
had a chronic inability to work effec- 
tively with his peers in the Republican 
party and in the Progressive move- 
ment. To only one superior did Pinchot 
ever give the full measure of loyalty 
and devotion he inspired among his 
own subordinates, and that man was 
Theodore Roosevelt, with whom he en- 
joyed a special privileged status. This 
fact was largely responsible, in Mc- 
Geary’s judgment, for thwarting many 
of Pinchot’s political efforts. Three 
times he tried unsuccessfully to win a 
seat in the Senate, and on other oc- 
casions he revealed almost painfully 
naive dreams of succeeding to the 
White House. 

Pinchot’s greatest weakness was a 
tendency to see issues, men, and mo- 
tives in harsh black and white. He 
seldom doubted where Virtue took her 
stand. This cast of mind dimmed his 
perception of some ethical questions; 
it also left him blind to some of the 
plain realities of life, both in forestry 
and in politics. Thus, Pinchot remained 
a militant lifelong advocate of federal 
regulation of cutting practices on private 
forest lands, because, in his eyes, 
private forest management had not 
really changed during the three dec- 
ades since he was The Forester. It 
was the same Gifford Pinchot who 
confided to his diary in May 1936 that 
Alfred M. Landon could be elected 
President that November “if I help 
him.” 

Pinchot was a prolific and candid 
letter writer. His voluminous corre- 
spondence was deposited in the Library 
of Congress shortly before his death. 
These letters, together with Pinchot’s 
diary, are the major sources of this 
biography. McGeary has also made ef- 
fective use of the extensive mass of 
published material dealing with Pin- 
chot’s life and times. 

This biography, as McGeary expects, 
will probably satisfy neither the wor- 
shippers nor the detractors of Gifford 
Pinchot. By setting down a round, un- 
varnished tale of Pinchot’s life, Mc- 
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Geary has succeeded in showing us 
“what kind of person he really was, 


‘what he was striving to accomplish, 


and what methods he used to attain 
his objectives.” The reader is not likely 
to underestimate Gifford Pinchot’s 
lasting achievements as a_forester- 
politician. 

HERBERT I. WINER 
School of Forestry, 
Yale University 


Operations Research and Systems Engi- 
neering. Charles D. Flagle, Jr., Wil- 
liam H. Huggins, and Robert H. 
Roy. Johns Hopkins Press, Balti- 
more, Md., 1960. x + 889 pp. IIlus. 
$14.50. 


Although not explicitly advertised as 
such, this book is a collection of articles 
on the methods of operations research, 
written at an elementary level that is 
suitable for engineers and management 
personnel. There are introductory arti- 
cles on the general philosophy and 
methodology of operations research and 
specific articles on such techniques as 
linear programming, queueing theory, 
theory of games, simulation studies, in- 
formation theory, and other systems 
methods. Finally there is a collection 
of case studies. The chief defect in these 
articles is a tendency to verbosity on 
the part of some of the contributors. 

By far the most fascinating and per- 
suasive section is that on case studies. 
Of particular interest is an article by 
Zimmerman on the simulation of tacti- 
cal war games; the discussion follows 
the course of a particular game step by 
step. Other articles detail studies on the 
operation of a hospital and a newspaper 
and analyze the cost and value of re- 
ports in a telephone company. 

An article by Ellis Johnson (re- 
Research) on operations research in the 
world crisis in science and technology 
goes far to illustrate the limitations of 
overenthusastic applications of opera- 
tions research considerations. 

This book contains little that is new, 
but it is a worthwhile addition to the 
bookshelf of management personnel 
and others not actively engaged in op- 
erations research work. 

GEORGE WEISS 
Institute for Fluid Dynamics and 
Applied Mathematics, University of 
Maryland 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed not to Science, but to the publisher or 
agency sponsoring the publication.) 


U.S. Geological Survey. Geological Sur- 
vey Bulletin. Bulletin No. 1058-E, “Geol- 
ogy and ore deposits of northwestern Chi- 
chagof Island, Alaska,” Darwin L. Ross- 
man, 1959, 80 pp. + maps; Bulletin No. 
1061-F, “Glacial geology of the Mystic 
Lakes-Fresh Pond area, Massachusetts,” 
Newton E. Chute, 1959, 31 pp. + map; Bul- 
letin No. 1071-H, “Igneous and tectonic 
structures of the Stillwater complex, Mon- 
tana,” W. R. Jones, J. W. Peoples, and 
A. L. Howland, 1960. 63 pp. + map; Bul- 
letin No. 1072-0, “Geology and oil-shale 
resources of Naval Oil-Shale Reserve No. 
2, Uintah and Carbon counties, Utah,” 
W. B. Cashion, 1959, 44 pp. + map; Bul- 
letin No. 1074-F, “Geology and uranium 
vecurrences in the Miller Hill area, Car- 
bon County, Wyoming,” James D. Vine 
and George E. Prichard, 1959, 41 pp. + 
map. Geological Survey Professional Pa- 
pers. Paper 294-M, “Foraminifera of the 
Monterey shale and Puente formation, 
Santa Ana Mountains and San Juan Capis- 
trano area, California,” Patsy Beckstead 
Smith, 1960, 35 pp.; Paper 315-D, “Strati- 
graphy of Pennsylvanian and Lower Per- 
mian rocks in Brown and Coleman coun- 
ties, Texas,” D. Hoye Eargle, 1960, 25 pp. 
-+ maps; Paper 332, “Cretaceous and Ter- 
tiary formations of the Book Cliffs, Car- 
bon, Emery, and Grand counties, Utah, 
and Garfield and Mesa counties, Colo- 
rado.” D. Jerome Fisher, Charles E. Erd- 
mann, and John B. Reeside, Jr., 1960. 
84 pp. + maps; Paper 333, “The foramini- 
feral genus Orbitolina in North America,” 
Raymond C. Douglass, 1960, 55 pp. + 
maps; Paper 334-C, “Trilobites of the Up- 
per Cambrian, Dunderberg shale, Eureka 
district, Nevada,” Allison R. Palmer, 59 
pp.; Paper 334-D, “Late Paleozoic Gastro- 
poda from northern Alaska,” Ellis Y. Yo- 
chelson and J. Thomas Dutro, Jr., 1960, 
40 pp.; Paper 351, “Mode of flow of Sas- 
katchewan Glacier, Alberta, Canada,” 
Mark F. Meier, 1960, 79 pp. +- maps. U.S. 
Geological Survey, Washington, D.C. (or- 
der from Supt. of Documents, GPO, Wash- 
ington 25). 

University of California. Bulletin of the 
California Insect Survey, vol. 6, No. 4, 
“The siricid wood wasps of California 
(Hymenoptera: Symphyta),” Woodrow W. 
Middlekauff, 18 pp., $0.50; vol. 6, No. 5, 
“The soldier flies or Stratiomyidae of Cali- 
fornia,” Maurice T. James, 54 pp., $1. Pub- 
lications in Botany, vol. 30, No. 5, “Mor- 
phological aspects of parasitism in the 
dwarf mistletoes (Arceuthobium),” Job 
Kuijt, 100 pp., $2; vol. 32, No. 3, “A mor- 
phological study of three South African 
Gigartinales,” Florence Ellen Hewitt, 40 
pp., $0.75. Publications in Entomology, 
vol. 16, No. 5, “The feeding behavior of 
Hippodamia Quinquesignata (Kirby) lar- 
vae,” Ibrahim K. Kaddou, 52 pp. Publi- 
cations in Geological Sciences, vol. 34, 
No. 5, “Origin of Rock Creek and Owens 
River gorges, Mono County, California,” 
William C. Putnam, 60 pp., $2. University 
of California Press, Berkeley, 1960. 
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Water Permeability of Bacterial 
Spores and the Concept of a 
Contractile Cortex 


Abstract. Assumption of a _ water-im- 
permeable coat on bacterial spores is in- 
consistent with known permeabilities of 
organic materials. A low water content 
may arise through compressive contraction 
of the cortex during spore maturation. 


Hypotheses for the heat stability of 
bacterial spores usually assume a low 
water content maintained by a water- 
impermeable coat. Such a coat, tenths 
of a micron thick, implies properties 
not approached in plastics technology. 

A rough approximation establishes 
the range of maximum magnitude of 
time required for water equilibration 
within a spore immersed in water. As- 
sume an initially dry sphere 1 » in 
diameter, with moisture sorption prop- 
erties of wool keratin, surrounded by a 
coat (0.1-« thick) of material, such as 
Saran, with moisture permeability 
0.0005 x 10° gm/cm sec cm-Hg (water 
vapor pressure difference). If this com- 
posite particle is immersed in water at 
25°C, it can be calculated that the cen- 
ter will become 90 percent saturated in 
about 200 seconds. Since the spore coat 
is dominantly protein (1), perhaps 10° 
times as permeable as Saran, this time 
is probably high by several orders of 
magnitude. It seems clear that a water- 
impermeable layer on a spore requires 
an organic material many orders of 
magnitude less permeable than the best 
available technological materials. 

Thus, hypotheses for stabilization of 
essential spore constituents should be 
compatible with rapid equilibration of 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 


544 


Reports 


all constituents with the water vapor 
pressure of the external environment— 
usually liquid water. Murrell and Scott 
(2) found the spread in heat resistance 
between species diminished greatly at 
external relative vapor pressures (“acti- 
vities”) below 0.9. This implies water 
equilibration of the sensitive volumes 
within the experimental periods of 1 to 
6 weeks. They also showed that all the 
water of a moist spore cake is freely 
exchangeable with D:Q. 

There are good reasons to think that 
some sort of barrier is involved in 
maintenance of a low water content. 
We have observed that spores in sparse 
aqueous suspension pressed under a 
cover slip on a microscope slide be- 
come less refractile more or less rapid- 
ly, depending upon the pressure. With 
moderate pressure contents are ex- 
truded. When a phase objective was 
racked down with just the right pres- 
sure, spores changed from light to dark 
(without visible change of shape) by the 
time the microscope could be refocused 
—that is, within a few seconds. Bacillus 
cereus, B. coagulans, B. megaterium, 
and B. subtilis have been studied. We 
believe that the phenomenon is essen- 
tially that of “mechanical germination” 
—simulation of physiological germina- 
tion achieved through abrasion by Rode 
and Foster (3). 

The hypothesis that the bare essen- 
tials of a vegetative cell—deoxyribonu- 
cleic acid and indispensable enzymes— 
are rendered hydrophobic or otherwise 
stabilized on a molecular level lacks 
simplicity and elegance in our view. 
Electron micrographs of sections of 
germinating spores (4) show that. the 
region within the innermost membrane 
remains intact (and develops into the 
vegetative cell) while the outer coats 
rupture or disintegrate. This apparent 
integrity of a minute vegetative cell 
within the spore and the speed and 
trigger-like action of physiological and 
mechanical germination seem incon- 
sistent with a stripping of covalently- 
bonded hydrophobic groups not only 
from hydrophilic materials of the outer 
portions, but also from the vital core. 
We propose an alternative hypothesis 
that we owe directly to a recent oppor- 


tunity to hear Werner Kuhn lecture at 
the University of California on the re- 


versible. interconversions of chemical 
potential energy and mechanical work 
in synthetic copolymers (5). 

We visualize an essentially familiar 
but minute vegetative cell within the 
spore, dehydrated and shrunken to 
about one-half the diameter of the in- 
tact spore. It is surrounded by the cor- 
tex—dense, refractile, of unusual bio- 
chemical composition (6), and with a 
wall thickness about one-fourth the 
diameter of the spore. The cortex is 
surrounded by a thin coat of protein, 
admixed with cell membrane material 
(1). The entire system is in water vapor 
equilibrium, but the water content with- 
in the interior vegetative cell is reduced 
and accounts for heat stability. The 
lowered water content is maintained by 
mechanical pressure upon the interior 
vegetative cell since a hydrated cell 
would have a larger volume than a de- 
hydrated cell. Pressure is exerted by a 
slow contraction of the cortex during 
spore maturation, which serves to de- 
hydrate both the interior vegetative-cell 
and the cortex itself. 

The spore cortex may contract under 
a slowly changing chemical potential 
in the latter stage of sporogenesis. Con- 
centration of calcium (and other di- 
valent cations) in or about the cortex 
by active transport across a membrane 
surrounding the immature cortex pro- 
vides an attractive possibility for a con- 
trolling chemical potential. Sections of 
Clostridium sporogenes show that the 
initially wrinkled (7) outer membranes 
of the sporé primordium assume a 
tightly stretched appearance as . the 
spore develops. The typically ridged 
mature spore coat may be a device for 
taking up space vacated by the con- 
tracting cortex, thus enhancing the con- 


centration of solutes of the immature 
t 


cortex. 

The contractile cortex, with low 
molecular weight components apparent- 
ly not held by covalent bonds, should 
be a fascinating subject for experimen- 
tation. Its ready disintegration seems 
particularly well suited for germination. 
Its integrity is dependent upon the 
spore coat. Although the notion of 
water impermeability must be aban- 
doned, it seems quite possible that the 
rate limitation in mechanical or phys- 
iological germination could be diffu- 
sion through the ruptured or otherwise 
altered coat of calcium or other small 
solutes. If the coat became permeable, 
their diffusion could be well-advanced 
in a small fraction of a second. Indeed, 
the cortex resembles a system reversibly 
precipitated by a high calcium ion con- 
centration. Dipicolinate release was ac- 
celerated at 65° compared with 4°C in 
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abraded but not in normal spores (3), 
an effect consistent with the usual in- 
fluence of temperature upon solubility 
product. Spore sections previously 
floated on 10 percent acetone in water 
were relatively electron transparent in 
the cortical region; when floated on a 
dilute aqueous solution of lanthanum, 
the cortical region was much more 
dense (4), showing a strong adsorption 
of the trivalent cation. 

The notion of a contractile cortex 
unifies the problems of development 
and release of a low-water condition. 
On the other hand, the stability of the 
vital cores of dormant spores to heat 
and the development of germinated 
spores now do not appear more mysteri- 
ous than the behavior of lyophilized 
cells. 

The hypothesis is not grossly incon- 
sistent with free energy requirements 
for dehydration and with known 
strengths of materials. Wool keratin 
may again be taken as representing 
the spore core. The free energy re- 
quired in the change of wool with 36 
percent water (equilibrated by vapor 
transfer with pure water) to 15 percent 
water (equilibrated against a salt solu- 
tion with water activity 0.5) is about 1 
cal/gm of dry keratin (8), and for com- 
plete dehydration about 10 cal. A rela- 
tively small amount of substrate should 
suffice for the observed dehydration of 
the spore even with considerable in- 
efficiency in the contraction. 

To approximate the strength required 
for compressive dehydration of wool to 
15 percent water, we equate the pres- 
sure energy (resilience) to the free 
energy of dehydration: 1 cal/cm’* of 
keratin = 43 kg/cm®*. (This ignores den- 
sity and osmotic pressure. The pressure 
obtained is well above measured osmot- 
ic pressures of vegetative cells; that of 
the specialized spore core may be very 
low.) A 1-u sphere of keratin held by 
a tensile coat 0.1l-u thick requires a 
strength of about 90 kg/cm’; a 0.5-u 
sphere with a 0.25-u coat requires 
about 35 kg/cm’. Muscle and Kuhn’s 
copolymers (both wet) have tensile 
strengths of 5 to 20 kg/cm’; rubber 
and plastics have strengths to 700 
kg/cm’. 

We present this speculation in hope 
that a simple definitive test will be sug- 
gested, and also for the insights to be 
expected from a novel view. If sporu- 
lation involves the walling off of a 
minute vegetative cell within the cyto- 
plasm of the parent cell (the newly 
germinated spore is osmotically stable), 
some factors involved in cell wall for- 
mation should be essentially similar in 
sporulation and in vegetative growth. 
Thus in Collier’s (9) elegant system 
with Clostridium roseum, penicillin (an 
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inhibitor of cell wall synthesis) in- 
hibits an early stage of sporulation but 


-not the conversion of dipicolinate-rich 


immature spores to heat-stable spores, a 
stage that might involve primarily the 
active-transport of divalent cations 
across the previously-formed external 
membrane (J0). 

J. C. Lewis 

N. S. SNELL 

H. K. Burr 
Western Utilization Research and 
Development Division, U.S. Agricultural 
Research Service, Albany, California 
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Transmissible Agent Associated 


‘with 26 Types of Experimental 


Mouse Neoplasms 


Abstract. A transmissible agent or fac- 
tor has been found to be associated with 
all transplanted and spontaneous experi- 
mental tumors examined. This observa- 
tion was made possible by utilization of a 
biochemical response of normal animals 
when inoculated with plasma or organ 
extracts from tumor-bearing hosts. This 
transmissible enzymic “lesion” is ex- 
pressed by a five- to tenfold increase in 
the plasma lactic dehydrogenase activity 
of the injected normal test animals. The 
factor is heat labile, passes through bac- 
teria-retaining filters, but is nondialyzable. 
It is partially sedimented by centrifugation 
at 100,000g for 1 hour. 


With the aid of a new technique, a 
transmissible factor has been detected 
in the blood of all animals bearing 
transplanted and spontaneous tumors 
so far examined. This includes a spec- 
trum of 25 standard transplanted mouse 
tumors, and one variety of a “sponta- 
neous” neoplasm of uncertain etiology. 

The agent is detected by its induc- 
tion of an abnormal enzyme response 
in the peripheral blood of normal test 


animals after injection of plasma from 
a tumor-bearing donor. This enzyme 
indication of the presence of an other- 
wise “silent” agent is‘in the form of a 
five- to tenfold increase of lactic de- 
hydrogenase (LDH) activity in the re- 
cipient blood plasma. This usually 
appears within 48 hours and can be 
transmitted serially to other normal re- 
cipients apparently indefinitely. 

The factor is transmitted through in- 
jection of plasma, whole blood, tumor 
extracts, or organ extracts from a 
tumor-bearing or leukemic animal. No 
detectable enzyme alteration or trans- 
mission occurs with similar materials 
from analogous normal animals or with 
heated materials from tumor-bearing 
animals. The factor may be transmitted 
by intraperitoneal, subcutaneous, intra- 
muscular, or intravenous injections, or 
by dermal application. 

Plasma, or organ extracts, from the 
tumor-bearing host may be employed 
in crude form or they may be clarified 
by centrifugation at relatively high 
speed, or passed through bacteria- 
impervious Selas filters of 03 porosity. 
Some agent was still present in the 
centrifuged supernatant after 1 hour at 
100,000g, but the highest activity was 
associated with the resuspended pellet. 
The factor did not pass through stand- 
ard Visking cellophane dialysis tubing 
which retains particulates exceeding a 
molecular weight of approximately 
20,000. 

With this simple enzymic technique, 
the presence and the transmissibility of 
the factor can be followed even though 
no immediate overt pathological or 
other physical manifestations are read- 
ily detectable when the factor is in- 
jected into adult animals. 

In general, Swiss ICR male mice 
were used as recipient test animals for 
testing mouse tumors, although appro- 
priate strains matching the require- 
ments for tumor transplantation were 
also employed. However, the transmis- 
sibility of the factor crosses all mouse 
strain lines so far tested, so that Swiss 
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detectable agent in normal mice. The fac- 
tor originated in an Ehrlich carcinoma-— 
bearing mouse and was transmitted by 
way of spleen extract supernatants. 
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mice may be used for detecting the 
agent from tumors that require other 
host strains for successful cellular trans- 
plantation. 

Lactic dehydrogenase was _ deter- 
mined by previously reported spectro- 
photometric methods (J), and serial 
blood samples were obtained by a modi- 


fication of the orbital bleeding tech- 
nique (2). 

Figure 1 illustrates the serial trans- 
missibility of the factor through several 
passages of Swiss ICR mice. In this in- 
stance, the agent was transmitted 
through the supernatant of centrifuged 
spleen extracts. The original spleen was 


Table 1. Serial transmission of plasma factor from a mouse implanted with the Lewis lung carci- 


noma through sufficient passages to dilute the original inoculation to 10-*. 














Average plasma LDHf Dilutiont 
Passage Mouse strain Day* of original 
Normal Tumor plasma 
1 C577BL (F) 2 370 3700 10-* 
2 ICR (M) 5 610 3300 10-* 
3 ICR (M) 4 410 3300 10-° 
4 ICR (M) 2 770 2800 10-4 
5 ICR (M) 2 360 3100 10-5 
6 ICR (M) 3 370 3700 10-8 





* Number of days elapsing between plasma injection and LDH determinations. 
intraperitoneal injection of 0.1 ml of infected plasma. 


+ Five mice per group; 
t The dilution is somewhat greater than this 


value (0.1 ml of 1/10 diluted plasma injected intraperitoneally into a 20-gm mouse is approximately 
5 X 10-4 dilution per passage, assuming full carcass distribution). 


Table 2. Typical plasma LDH values with time in normal recipient mice following injection of blood 
plasma from tumor-bearing mice compared with controls receiving normal plasma. There were 
five mice in each group. The plasma LDH ranges were similar to those in Table 3. 


Average plasma LDH 





Tumor Mouse strain 
Lewis lung carcinoma C57BL (F) : "i 
None C57BL (F) 
Carcinoma 1025 AKR (F) 
None AKR (F) 


* Number of days elapsing between plasma injection and LDH determinations. 


o* a kd 16* 

460 3,700 8,100 6,200 
380 370 610 740 
450 2,200 5,000 4,400 
320 260 310 350 





Table 3. Spectrum of 26 mouse tumors exhibiting presence of a transmissible factor in host blood 


by intraperitoneal passage of “‘tumor’’ plasma to normal mice. 














Tumor Host* Dayt 
Range Average 
None ICR (M) 0 260- 510 380 
None C57BL (F) 0 260— 470 310 
None AKR (F) 0 400- 560 430 
Sarcoma 180 (solid) ICR (M) 4 3400-5900 4400 
Sarcoma 180 (ascitic) ICR (M) 4 2200-4400 3600 
Mammary Adca EO-771 C57BL (F) 2 5800-6700 6400 
Mecca lymphosarcoma ICR (M) 3 3000-3400 3200 
Miyono adenocarcinoma ICR (M) 3 1600-2200 1700 
Bashford carcinoma 63 ICR (M) 3 1700-3000 2200 
Lewis lung carcinoma C57BL (F) 2 3200-4200 3700 
Carcinoma 1025 AKR (F) 2 1500-3000 2200 
tFriend virus leukemia ICR (M) =| 2600-3800 3200 
tFriend virus leukemia (solid) ICR (M) 2 2000-2900 2400 
Cloudman S91 melanoma ICR (M) 3 2900-4400 3700 
Ehrlich carcinoma (solid) ICR (M) 2 2000-2400 2300 
Ehrlich carcinoma (ascitic) ICR (M) 2 2400-3300 2800 
Sarcoma MA 387 ICR (M) 4 2500-4000 3300 
Leukemia L-1210 ICR (M) 4 3300-7800 4600 
Leukemia L-4946 ICR (M) 4 2700-4600 3400 
Nelson ascites ICR (M) 4 3900-4900 4200 
Harding-Passey melanoma ICR (M) 2 1600-3300 2400 
Glioma 26 ICR ((M) 2 1900-3200 3100 
Lewis bladder carcinoma ICR (M) 5 4200-5400 4500 
Sarcoma T-241 ICR (M) 2 2000-3300 2700 
Ridgway osteogenic sarcoma ICR (M) 13 2500-4100 3000 
Wagner osteogenic sarcoma ICR (M) 13 2500-3100 2800 
tC3HBA mammary adenocarcinoma ICR (M) 6 3200-4600 4000 
tMoloney leukemia ICR (M) 4 2400-4000 3000 
tSpontaneous mammary tumors§ ICR (M) 3 2300-2900 2600 





* Five mice per group. Mouse strain indicated is normal recipient but not necessarily tumor-bearing donor strain. 


+ Number of days elapsing between plasma injection and LDH determination. 
§ Example of eight spontaneous tumors tested. Primary 


induced neopiasms. 
ing in Swiss O’Grady females, old breeders. 
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t Known or presumed virus- 
- : r 
'y adenocar aris- 





Plasma LDH é 





from a mouse implanted subcutaneously 
with an Ehrlich carcinoma. Analogous 
spleen extracts from normal animals 
had no influence on the lactic dehydro- 
genase, and spleen extracts from tumor- 
bearing mice behaved the same as nor- 
mal extracts when they had been heated 
at 70°C or higher for 15 minutes. The 
same is, of course, true for other organ 
extracts and for infected blood plasma. 

Table 1 illustrates the serial trans- 
mission of the agent from another 
tumor type (Lewis lung carcinoma), 
transmitted by blood plasma only. The 
total dilution of the plasma at each 
passage is more than 1/1000, which 
means a theoretical dilution of the 
original inoculum of more than 10™ 
after six consecutive transfers of the 
agent into normal animals. It would 
therefore appear that the agent must 
be replicated. 

Table 2 illustrates the typical course 
of lactic dehydrogenase in the blood 
of normal mice that were injected intra- 
peritoneally with 0.1 ml of a 1-to-10 
dilution of the plasma from a mouse 
carrying either the Lewis lung carci- 
noma or carcinoma 1025. In this ex- 
periment the host strain required for 
the tumor was employed as detector, 
but similar qualitative results were ob- 
tained with the Swiss ICR strain. These 
data also show that the control animals 
receiving normal plasma were unaltered 
in their LDH blood titer. 

Table 3 lists experimental tumors 
which have undergone tests for this 
transmissible enzyme-detectable factor. 
Control values are listed in the table 
for the various normal mouse strains 
employed. The data show that a five- to 
tenfold enzyme increase occurs in the 
plasma of the test mice receiving a 
dilute plasma injection from any of the 
various tumor-bearing animals. The 
illustrative values shown are typical of 
several hundred similar determinations. 
It may be of interest to note that no 
increase of plasma lactic dehydrogenase, 
or other abnormal alteration, was ob- 
served at any stage during mouse preg- 
nancy. This suggests that rapidly grow- 
ing embryonic or fetal tissue is distinct 
from malignant growth in respect to 
this parameter. 

The possible implications of these 
findings to cancer etiology, diagnosis, 
and immunological and other rational 
approaches to therapy and prevention 
are self-evident to those inclined toward 
speculation. It would be premature, 
and possibly presumptive, however, to 
engage in such discussions in this brief 
report. 

It might be appropriate, however, to 
discuss the aspect of these studies which 
has made the experimental observa- 
tions possible. Heretofore, initial de- 
tection of virus, or virus-like agents, 
has been largely dependent upon the 
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production of disease, or of pathological 
lesions, either in the host or in cells in 
vitro. Likewise, searches for cancer 
agents have relied on manifestations of 
overt malignancy, probably under bio- 
logically unfavorable conditions. The 
finding that transmissible, replicating 
agents can be detected by the induction 
of a biochemical “lesion” in a normal 
host, in the form of an abnormal alter- 
ation in concentration of a blood en- 
zyme, has apparently permitted the 
uncovering of agents masked or “silent” 
in reference to standard criteria. The 
tumor-producing potential of this fac- 
tor is unknown at present, although it 
has been studied only in adult animals 
and for limited periods in respect to 
latency. The quantitative correlation of 
plasma lactic dehydrogenase with ex- 
perimental mouse tumor growth and 
regression, however, is now firmly es- 
tablished (3, 4) and it seems quite 
clear that the transmissible enzyme ele- 
vation described here is identical to the 
phase-three plateau previously described 
as an initial part of the multiphase 
curve associated with tumor implanta- 
tion and growth (4). The transmis- 
sible, enzyme-elevating factor probably 
also explains the failure of the host 
plasma lactic dehydrogenase to return 
to completely normal levels following 
tumor regression (4). Such a five- to 
tenfold abnormal elevation has _per- 
sisted for periods exceeding a year fol- 
lowing “complete” tumor regression 
and has been transmissible when such 
host plasma was injected into normal 
recipients (5). 
VERNON RILEY, FRANK LILLY, 
EpITHA HUERTO, DAviD BARDELL 
Division of Experimental Chemotherapy, 
Sloan-Kettering Institute for 
Cancer Research, New York, New York 
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Effect of Pyramidal Tract 
Activity on Dorsal Column Nuclei 


Abstract. The response of single units 
in cuneate and gracile nuclei to cutaneous 
stimulation can be modified by prior 
stimulation of the motor cortex of the 
cat. Both excitation and inhibition of 
these neurons can be effected via the 
pyramidal tract. 


Direct cortical projections to vari- 
ous sensory nuclei of higher mammals 
have recently been described (J). Al- 
though the anatomical descriptions 
differ slightly, it is evident that the 
gracile, cuneate, and spinal trigeminal 
nuclei are abundantly supplied with 
corticofugal fibers coursing within the 
pyramidal tract. Concurrent physio- 
logical studies (2) have shown a de- 
pressive effect of central structures on 
peripherally evoked potentials in the 
dorsal root (DR reflex), dorsal col- 
umn relays, dorsal column nuclei, 


spinal trigeminal nucleus, cochlear 
nucleus, and the olfactory bulb. Single 
unit analysis (3) of the spinal afferent 
paths and of the retina, however, have 
shown not only an inhibition but also 
an excitation from central structures. 
We have previously shown (4) that the 
motor cortex of the cat has both an 
excitatory and an inhibitory influence 
on cuneate neurons. Responses in some 
cuneate neurons could be evoked by 
single shocks (0.02 to 2.0 msec in 
duration) to the pericruciate cortex, the 
latencies ranging from 5 to 30 msec. 
Other cuneate neurons were rendered 
less excitable for periods of 100 to 200 
msec, beginning 10 to 30 msec after a 
single shock or a train of shocks (300 
per second) to the motor cortex. The 
inhibition was manifested by changes 
in the response properties of the af- 
fected neuron when the footpad was 
stimulated (decreased probability of 
response, increased initial spike latency 





Fig. 1. Responses of two cuneate units recorded after brain-stem transection. (A) In- 
hibitory interaction. Each pair of sweeps shows same event; the upper, slow sweep was 
triggered 85 msec before the lower, fast sweep. Traces (1) and (3) response of unit 
in left cuneate nucleus to left forepaw stimulation. (2) Increased latency and decreased 
number of spikes per discharge to the same forepaw stimulus after a conditioning train 
(eight shocks at a rate of 312 shock/sec) to the right motor cortex. (B) Response of 
another unit in left cuneate nucleus to peripheral and cortical stimulation. (1) Fired by 
ipsilateral forepaw shock. (2) Fired by shock to right motor cortex. The 1 msec time 
trace applies to the fast sweeps in (A) and all sweeps in (B). (C) Luxol-fast section 
of what remained of the pyramidal tract after transection. Note that lateral borders of 


the pyramidal tract are damaged (x 17). 
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and fewer spikes per discharge). Both 
cerebral hemispheres displayed these 
modifying capabilities, although the 
cortex ipsilateral to the unit under ob- 
servation was uniformly less effective 
than the contralateral cortex. 

In this study (5) cats were anesthe- 
tized with Nembutal and paralyzed 
with decamethonium bromide (or 
Flaxedil). Single units in the cuneate 
and gracile nuclei were isolated by con- 
ventional 0.5 to 1.5 » micropipette 
techniques. Responses in these units 
were evoked by needle electrodes in 
the footpads. Because it is not pos- 
sible to excite only pyramidal tract 
elements in the intact nervous system, 
the bulb was isolated from the midbrain 
so that only the pyramidal tract was 
intact. The brain stem was exposed by 
a ventral approach, and the tissue was 
removed by suction under direct vision. 
The transection was begun on each 
side of the pyramids at the level of the 
trapezoid body and carried through 
to the bony tentorium. All tissue, in- 
cluding the middle and the superior 
cerebellar peduncles, was carefully re- 
moved so that there was a gap of a 
few millimeters between the rostral and 
caudal stumps of the transected brain 
stem. Bipolar silver-ball electrodes were 
then placed on the pericruciate cortex 
of each hemisphere for excitation of 
corticofugal elements; only the pyra- 
midal tract, however, could carry ac- 
tivity beyond the transection. At the 
end of each experiment the brain was 
perfused with formalin, removed, sec- 
tioned, and stained in order to assess the 
extent of pyramidal tract isolation (Fig. 
iC). 

In spite of this radical surgical inter- 
vention, units in the dorsal column 
nuclei were affected by stimulation of 
the motor cortex to the same extent 
as were those in intact preparations. 
Nearly one-third of the units could be 
driven and two-thirds could be _ in- 
hibited from the cortex; occasionally, 
a unit which could not be affected was 
isolated. Figure 1 shows the responses 
of two units, the first inhibited and 
the second driven by the motor cortex. 
The histological section shows the ex- 
tent of pyramidal tract that remained 
in this animal; examination of other 
sections revealed nearly complete de- 
struction of the overlying medial lem- 
niscus-trapezoid complex, which can 
be seen in Fig. 1C. The remaining brain 
stem was totally transected. Evidently 
both excitation and inhibition can be 
transmitted to the bulb by way of the 
pyramidal tract. The excitatory effect 
appears to be direct. This is deduced 
from the following of high stimulus 
frequencies (in excess of 100 per sec- 
ond), the brief latency and the small 
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latency dispersions found in some corti- 
cally driven units, and the profound 
difficulty of demonstrating excitation 
when the pyramidal tracts alone were 
transected. The inhibitory pathway, on 
the other hand, appears to be less direct. 
Perhaps the pyramidal tract projections 
to the reticular formation (6) are in- 
volved; certainly inhibition remains, al- 
beit with altered characteristics, after 
transection of the pyramidal tract. 
Nevertheless, it is interesting that both 
anatomical and functional evidence 
points to a direct connection between 
the somatic motor and sensory sys- 
tems via that phylogenetically recent 
system, the pyramidal tracts. 

S. J. JABBUR 

A. L. TowE 
Department of Physiology and 
Biophysics, University of Washington 
School of Medicine, Seattle 
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Hormonal Induction of Vascular 
Tissue in Tobacco Pith in vitro 


Abstract. The direct addition of indole- 
3-acetic acid into sterile-cultured stem 
pith sections of Nicotiana tabacum 
through inserted. glass pipettes has in- 
duced cell division and differentiation 
where such activity would not normally 
occur. This evidence lends support to 
the theory that indole-3-acetic acid is 
the hormone that limits xylogenesis. 


There is considerable evidence that 
indole-3-acetic acid (IAA) plays a 
major role in the differentiation of 
vascular tissue in plants. The classical 
study of Jacobs (J) illustrated that 
vascular tissue can be induced around 
a wound in vivo when the original 
vascular strand has been severed and 
external IAA is introduced through a 
petiole in the node above the wound. 
Other workers (2) have demonstrated 
in vitro that vascular tissue can be in- 





duced in undifferentiated callus tissue 
either by grafting a bud into the callus, 
thus providing it with hormones diffus- 
ing from the apical tissue, or by apply- 
ing indole-3-acetic acid or naphthalene- 
acetic acid in a lanolin paste into an 
incision in the callus. Pith tissue 
which is, essentially, undifferentiated 
parenchyma presents a region which 
has a definite orientation in the plant 
as opposed to the nonpolar orientation 
of callus. Previous work (3) has shown 
that no vascular tissue was induced in 
sterile cultures of tobacco pith sections 
when the culture medium contained 
only IAA as the growth-promoting sub- 
stance. In fact, no cell divisions were 
initiated at any concentration of the 
hormone. Since it was shown that di- 
vision could be induced with mixtures 
of IAA and other growth-promoting 
substances, the supposition was that, 
although IAA may cause differentia- 
tion, another growth-promoting  sub- 
stance is necessary to promote cell 
division. 

The experiment described in this 
report is part of a study designed to 
give quantitative and qualitative evi- 
dence of the amount and type of dif- 
ferentiation induced in response to 
IAA and other differentiation factors 
in undifferentiated tissues. The obser- 
vations were made during a study of 
the response of tobacco pith to IAA 
supplied through glass pipettes inserted 
directly into the center of the tissue 
(Fig. 1). Pith cylinders were removed 
from Nicotiana tabacum by _ boring 
through lengths of stem with a sterile 
cork borer slightly smaller in diameter 
than the entire pith cylinder. The pith 
sections were cut into 15 mm pieces 
and, after insertion of Pyrex glass 
pipettes into the morphological apical 
end, were placed in culture tubes con- 
taining agar-solidified Riker’s tobacco 
medium (4), a nutrient mixture which 
contains no IAA and does not support 
growth of the pith. The pipettes were 
filled with the additives through holes 
pierced in the polyethylene caps that 
cover the tubes. The caps were sealed 
with small squares of cellophane tape. 
The pipettes were refilled as they 
emptied. The cultures were maintained 
in a culture room at 25°C with a 12- 
hour light-dark cycle to a maximum 
of 42 days, some sections being termi- 


nated each week and fixed for section- . 


ing. In the present experiment the con- 
centration of hormone supplied to the 
tissue was 0.5 mg/liter. Control cultures 
were set up with pipettes that contained 
sterile water or. nothing. 

The results indicate that no cell di- 
visions occurred until the tissue had 
been subjected to a prolonged exposure 
to IAA, for no divisions were observed 
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before 32 days in culture. At that time 
longitudinal sections of the fixed tissue 
revealed small areas of dividing cells 
directly under the pipette incisions 
(Fig. 1). Contrary to what was ex- 
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pected—that is, that long files of xylem 
would be differentiated as in Jacobs’ 
study—xylem tracheids were found in 
a haphazard arrangement among the 
dividing cells with occasional spherical 








Fig. 1. (a) Longitudinal section of tobacco pith subjected to IAA treatment for 42 days 
(X 14). (6) Pith cylinder with pipette in place (x 1.1). (c) Longitudinal section of to- 
bacco pith subjected to IAA treatment for 32 days (x 54). P, pipette incision; D, area 
of cell division; T, tracheids; O, organized area. 
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areas of a more organized arrangement. 
This compares favorably with the find- 
ings of vascular tissue arrangement in 
callus tissue. Apparently, when pith 
is removed from the physiological 
orientation of the plant it loses its 
polarity and reacts basically in the same 
way as the nonpolar callus tissue. Since 
divisions were restricted to the area 
close to the site of the pipette inser- 
tion, it may be that there is no basipetal 
transport of auxin in the pith. On the 
other hand, this may mean merely that 
a relatively long period of time in cul- 
ture is necessary for basipetal vascular 
differentiation. The latter possibility 
seems more likely since the sections 
cultured for 42 days had a much wider 
and longer extension of the dividing 
and differentiating area than the sec- 
tions cultured for 32 days. The possi- 
bility that cell division was initiated by 
a wound hormone response was ob- 
viated by the fact that no divisions 
occurred in the controls. These experi- 
ments are at variance with results of 
previous work in which it was shown 
that cytokinesis and differentiation did 
not occur in pith sections placed on 
an IAA-containing medium (3), but 
did occur when the medium contained 
kinetin as well as IAA (5). It is pos- 
sible that the effect of IAA on the 
tissue is determined by the method of 
application. Thus, a direct application 
(as through the pipettes) of IAA 
rather than diffusion from the medium 
may be necessary for cell division. 

On the basis of the foregoing results 
it was concluded that vascular tissue 
can be induced in undifferentiated pith 
sections by the addition of IAA alone 
as the division-initiating and differen- 
tiation factor, provided an extended 
period is given in culture. Other experi- 
ments are being conducted to test this 
hypothesis as well as the effects of 
other growth-promoting substances and 
differentiation factors (6). 

Mary E. CLUTTER 

Department of Biological Sciences, 
University of Pittsburgh, 
Pittsburgh, Pennsylvania 
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Oxygen Equilibrium of Brachiopod 
Lingula Hemerythrin 


Abstract. In contrast to hemerythrin 
from five different species of sipunculid 
worms, ecardine brachiopod Lingula 
hemerythrin has an oxygen equilibrium 
which is reversibly altered by pH changes, 
both the oxygen affinity (Bohr effect) and 
the interactions between oxygen-binding 
centers being a function of pH. The signif- 
icance of these phenomena is discussed in 
view of the phylogenetic distribution of 
hemerythrin and the function of respira- 
tory pigments. 


The distribution of the respiratory 
pigment hemerythrin is phylogenetically 
interesting. This nonheme iron-contain- 
ing equivalent of hemoglobin is found 
only in the phyla Sipunculida, Annelida 
(one species), Priapulida, and Bra- 
chiopoda (J). Only the first two of 
these phyla are related, the priapulids 
being considered as relatives of the 





rotifers and nematodes, and the bra- 
chiopcds being closest to the other 
lophophorate phyla, the phoronids and 
ectoprocts (2). Consequently, it can be 
asked how closely the various heme- 
rythrins resemble one another (3). 
Specimens of the brachiopod Lingula 
unguis were carefully dissected so as to 
obtain the small amount (4% ml) of 
coelomic fluid with a minimum of con- 
tamination. The hemerythrin-contain- 
ing “erythrocytes” were washed re- 
peatedly in isotonic saline, differ- 
entially centrifuged each time so as to 
remove other coelomic cells. Erythro- 
cytes were hemolyzed in 5 to 10 vol- 
umes of distilled water; centrifugation 
and filtration of the hemolyzate resulted 
in a clear solution of 2 to 4 percent 
hemerythrin. Concentrated potassium 
phosphate buffer was added to bring the 
ionic strength to 0.2 and the pH to the 
desired level (6.5 to 8; the pigment is 
unstable at pH values much above 8). 
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Fig. 1. Oxygen equilibrium curves for Lingula hemerythrin (top) and human hemoglobin 
(Hb A) (bottom). Temperature, 22° to 24°C; potassium phosphate buffer, ionic strength 
approximately 0.2; hemerythrin concentrations, 2 to 3 percent; hemoglobin concentra- 
tions, 7 to 15 percent. Reversibility of Bohr effect of hemerythrin is demonstrated by 
bringing sample (O), originally at pH 6.77, to pH 7.63 (A) and back again to pH 6.74 
(@); control experiment is a second sample whose oxygen equilibrium is determined 


at pH 7.65 (X). 
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Oxygen equilibria were determined with 
a Beckman model DU spectrophotom- 
eter as described in other hemerythrin 
studies (4, 5). To insure that any effects 
of pH change on the oxygen equilib- 
rium represent reversible changes char- 
acteristic of the Bohr effect and not 
irreversible changes resulting from mild 
denaturation of the protein, it was 
customary to bring the sample to a 
different pH by the addition of dilute 
HCl or KsPO. after the first oxygen 
equilibrium experiment, to determine 
again the oxygen equilibrium, then to 
return to the original pH, and follow 
this with a third oxygen equilibrium 
determination. Most experiments were 
performed at room temperature (22 to 
24°C), although a few were done at 
9°C with essentially similar results, 
except, Of course, for a higher O: 
affinity. 

Data on the oxygen equilibrium of 
Lingula hemerythrin are presented in 
Fig. 1 at two different pH’s; for pur- 
poses of comparison, data are also pre- 
sented on human adult hemoglobin at 
two different pH’s (6, 7). It can be seen 
that Lingula hemerythrin possesses a 
“normal” Bohr effect at physiological 
pH’s that is approximately two-thirds 
of that for human hemoglobin. Coelom- 
ic hemerythrins of the  sipunculids 
Sipunculus nudus (8), Golfingi« gouldii 
(9), and Phascolosoma agassizii (4) 
have no Bohr effect. I have found (5) 
that the sipunculids Dendrostomum 
zostericolum and Siphonosoma ingens 
have biochemically distinct heme- 
rythrins in the coelom and in the 
separate tentacular main _ contractile 
vessel circulation. None of these pig- 
ments possess a Bohr effect, although 
the oxygen affinities of coelomic and 
vascular hemerythrins can be very dif- 
ferent. Besides a Bohr effect it can be 
seen that at the more alkaline pH’s 
Lingula hemerythrin has distinct inter- 
actions between oxygen-binding centers 
— n = 1.7 to 1.8 (J0); at the more 
acid pH’s n approaches 1.0. Like the 
Bohr effect this is a completely 
reversible phenomenon. Reversible 
changes in the magnitude of nm as a 
function of pH have been observed in 
teleost fish (/7) and turtle (J2) hemo- 
globins, the latter behaving in a manner 
identical with Lingula hemerythrin. For 
the various sipunculid hemerythrins 
some have small oxygen-affine center 
interactions (Golfingia, Sipunculus, and 
Dendrostomum) and others have per- 
fectly hyperbolic oxygen equilibrium 
curves (Siphonosoma and Phascolo- 
soma); in no case are the interactions 
pH dependent. Hence, Lingula hemery- 
thrin differs significantly from sipun- 
culid hemerythrins in this respect also. 
Unfortunately no data are available on 
the oxygen equilibria of priapulid or 
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polychaete Magelona hemerythrins. The 
data on Lingula hemerythrin oxygen 
equilibria indicate that a single proton- 
binding group whose pK changes from 
7.9 to 6.5 upon oxygenation controls 
both the oxygen affinity (that is, deter- 
mines the Bohr effect) and the strength 
of the interaction between the oxygen- 
binding sites [the theoretical considera- 
tions and calculations for human hemo- 
globins are in press (7)]. This proton- 
binding group is most likely an imdia- 
zole group of a histidine residue that 
is not present in such a critical position 
in sipunculid hemerythrins. 

The fact that Lingula hemerythrin 
has a fairly low oxygen affinity, a 
somewhat sigmoid oxygen equilibrium 
curve, and a Bohr effect is of interest 
from the standpoint of respiratory pig- 
ment function, for observations on the 
living animal indicate that frequently 
the pigment must serve in oxygen stor- 
age as weil as in oxygen transport. As 
the coelomic fluid is circulated into the 
translucent peduncle, it is possible to 
obtain a measure of the degree of oxy- 
genation of the blood by the intensity of 
color in the peduncle of a particular 
animal. It was found that 20 to 30 per- 
cent of the time the blood was colorless; 
that is, the hemerythrin was completely 
deoxygenated. Hence, apparently during 
periods when respiratory and feeding 
activity are stopped the oxyhemerythrin 
in the coelom gives up the oxygen and 
becomes completely deoxygenated. 

Conceivably such an arrangement of 
oxygen storage might be significant in 
an intertidal animal such as Lingula, a 
form that withdraws quickly into its 
coral sand or mud burrow when dis- 
turbed. However, these properties of 
low oxygen affinity, oxygen-binding 
center interactions, and Bohr effect are 
exactly what Wald (13) has postulated 
as representing the epitome of the evolu- 


tion of respiratory pigments—blood gas 


transport pigments that are correlated 
with high metabolic rate and activity— 
for example, in mammals and cephalo- 
pods. Figure 1 indicates the similarity 
between human hemoglobin and Lingula 
hemerythrin in so far as oxygen equi- 
librium is concerned. Therefore, that 
Lingula, a genus of animals essen- 
tially unchanged since Precambrian 
times, can evolve the same properties of 
the oxygen equilibrium as are found in 
squid hemocyanins and mammalian 
hemoglobins adds further doubt to the 
validity of Wald’s (13) speculations. 
The hagfish Polistotrema stouti (Lock- 
ington), a representative of the most 
primitive group of living vertebrates, 
has a hemoglobin that possesses all 
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three of Wald’s “primitive” properties— 
high oxygen affinity, no heme-heme in- 
teractions, and no Bohr effect. How- 


‘ever, as I have pointed out (J, /4), 


this does not necessarily prove Wald’s 
theory. The properties of hagfish hemo- 
globin are very likely the result of 
selection pressure favoring the develop- 
ment of a hemoglobin with high oxy- 
gen affinity and no Bohr effect, for the 
combination of mud-dwelling and al- 
most endoparasitic habits of the myxi- 
noids must frequently expose hagfish 
to situations of high carbon dioxide 
and low oxygen concentrations. By way 
of constrast, hemoglobin from the 
equally primitive lampreys displays a 
low oxygen affinity, very large Bohr 
effect, and, under certain conditions, 
slight heme-heme interactions (/5). 
Lampreys remain outside the bodies of 
their hosts and, as adults, are very sen- 
sitive to low oxygen or high carbon 
dioxide concentrations. At present it is 
more suitable to explain the properties 
of hagfish and lamprey hemoglobins as 
adaptations to particular environments 
and habits rather than as indicating that 
any particular set of biochemical char- 
acteristics of respiratory pigments is 
“primitive.” 

Similarly, whereas Lingula heme- 
rythrin possesses none of Wald’s three 
oxygen equilibrium properties of a 
“primitive” respiratory pigment, various 
sipunculid hemerythrins, except for 
Dendrostomum zostericolum vascular 
hemerythrin, which has a low oxygen 
affinity (5), have all three of the basic 
properties. One cannot regard sipun- 
culids as phylogenetically any more or 
less primitive than brachiopods; in addi- 
tion, it is impossible to decide whether 
the occurrence of hemerythrin in both 
phyla represents relationship or con- 
vergence, though Lingula hemerythrin 
is quite different from all known sipun- 
culid hemerythrins in its oxygen equilib- 
rium properties. Accordingly, just as for 
hemoglobin, it is| apparent that for 
hemerythrin there jis no reason to as- 
sume any particular set of oxygen equi- 
librium properties is “primitive”; in ad- 
dition, the set of oxygen equilibrium 
properties that is observed for a particu- 
lar pigment can be often correlated with 
the ecology and physiology of the par- 
ticular animal (/6). 

CLYDE MANWELL 
Department of Physiology, 
University of Illinois, Urbana 
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| courses 
| pective elementary teachers, but that 


| mother 
their 
| studies, and so forth, it might be pos- 


| four courses in 


Letters 


Teacher Training 


Having been involved as a member 
of the curriculum committee of the 
State University of New York College 
of Education at Cortland in a recent 
revision of our curriculum for the 
preparation of elementary school teach- 
ers, I was interested in the report by 
John Mayor of the proposals coming 
from a meeting of representatives of 
the AAAS and various certification 
groups from several states [Science 131, 
1779 (1960)]. May I suggest that it 


| is an admirable aim to require four 


in mathematics for all pros- 
this is unrealistic as long as students 


come to college so poorly prepared in 


| even basic arithmetic, and unreasonable 


unless the AAAS and other groups 
concerned in this matter are willing 


| to give wholehearted support to the 


upgrading of teachers’ salaries and 
professional standing. If our students 
came to college able to handle the 
tongue and having learned 
lessons in basic science, social 


sible to eliminate what is really reme- 
dial work in the colleges and thus gain 
time for teaching these recommended 
and truly collegiate courses. 

It is clear in my mind that we cannot 
hope to adequately prepare a person 
to teach in the elementary school in 
the usual four years of college. If sci- 
entists and engineers are born and 
nurtured in the elementary schools of 
our land, then elementary school teach- 


| ers must be ready to play the vital 


role assigned them. If this requires 
mathematics, then it 
also requires eight courses in science, 
to say nothing of foreign language, now 
almost forgotten in the preparation of 
elementary teachers. Then must come 
English, speech, music, art, sociology, 
history, psychology, philosophy, health, 
political science, and the necessary 
pedagogical courses. Physical educa- 
tion must not be neglected, and every 
teacher needs apprentice teaching ex- 
perience. No college program should 
eliminate the possibility of electives. 
What this all adds up to is at least five 
years of college work, if not more. 
When this is balanced against potential 
pay and prestige, is it any wonder our 
best prospects turn their backs on 
teaching? 

In our curriculum study here each 
department brought its recommenda- 
tions for those courses considered es- 
sential in the training of elementary 
school teachers. From this immense 


| total was carved a compromise which 
| would total 


the 132 semester hours 
required for graduation. No one is 


happy with the result, but compromise 
is the best that can be done. As a lib- 
eral-arts college graduate sympathetic 
to the recent cries against “too much 
professional education in our teachers 
colleges,” may I say that I believe the 
21 hours (equal to seven courses) in 
pedagogy, including 3 hours in general 
psychology and 6 hours in human 
growth and development, which are 
included in our curriculum are an ab- 
solute minimum. The only way that an 
adequate job can be done is to lengthen 
the course of study. The recent five- 
year programs started at some engi- 
neering colleges are attempts to cope 
with the same problem: These are 
things of which scientists cooperating 
in these studies must be aware. 

JOHN A. GUSTAFSON 
State University College of Education, 
Cortland, New York 


The Scientist’s Image of Himself 


Gerald Holton rightfully points out 
[Science 131, 1187 (22 Apr. 1960)] 
the schism that exists between scien- 
tific knowledge and other currents of 
intellectual thought. Although he sug- 
gests that scientists themselves contrib- 
ute to this schism, his major emphasis 
is on the image that the public has of 
science, and of the scientist. I think 
that the images scientists hold of them- 
selves, and particularly the changes that 
are evident in their self-representations, 
also play a very significant role. 

I had an opportunity to investigate 
the self-images of 40 research scien- 
tists, men in natural-science fields at 
academic installations, as one part of 
a larger psychological study of persons 
who have selected research science as 
their vocation. The findings brought 
out that in some aspects of their iden- 
tification scientists are caught up in 
some of the sterotypes about men of 
science that exist in the public mind. 
For example, they see themselves as 
intellectuals, as discoverers of new 
worlds—worlds which they not only 
create but in which they then proceed 
to live. Their work is propelled pri- 
marily by pressing “inner” drives; thus, 
the majority scorn “impure” motiva- 
tions, such as the desire for recognition, 
exhibitionism, personal aggrandizement, 
pragmatic reward, unless these are 
inescapable concomitants of devotion 
to the search for truth. Happiness and 
fulfillment rest primarily in satisfactions 
at work, with routine, drudgery, admin- 
istrative duties played down as inter- 
ferences. In fact, rigor, persistence, and 
discipline have become institutionalized 
in their morality code as values in 
themselves, and the “gentleman scien- 
tist” is looked down upon as a laggard 
who is bound to be unproductive. 
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It is obvious that such facets of iden- 
tification emphasize how isolated the 
researcher is, and how removed from 
the general cultural pattern. However, 
he shares many of the elements that 
would establish bonds between men of 
science and other intellectuals. Where 
the break with the intellectual comes 
is in some of the aspects of identifica- 
tion which are in the process of change, 
and where some of these most highly 
stereotyped conceptions about scien- 
tists are giving away. 

Change in self-image seems to have 
been most stimulated by the differences 
that have emerged in the way science 
is pursued, and the attitudes and values 
that have accompanied these differences. 
I shall mention only a few to show the 
trends of change. For one, the research- 
er is now shying away from identifica- 
tion with the “great, but maladjusted” 
or “eccentric” scientist. Reverence for 
forefathers whose outstanding minds 
were sometimes housed in odd person- 
alities still exist, yet today’s scientists 
consciously dissociate themselves from 
peculiar and difficult associates or stu- 
dents, knowing full well that they may 
be shunting off some very creative 
workers from their own laboratories. 
They prefer to depend for their prog- 
ress on a well-organized, smooth-run- 
ning, large-scale operation, whose stabil- 
ity demands a minimum of interperson- 
al relations, especially disturbed ones. 
Even colleagues who “play expert” in 
nonscientific fields and attempt to gen- 
eralize scientific knowledge in relation 
to cultural problems are frowned upon, 
and often their scientific work is looked 
upon retrospectively with suspicion. 

Another change comes. in the new 
interest in “putting breakthroughs a- 
cross.” While these men still stress that 
the main motivation of scientists is 
the gaining of understanding and knowl- 
edge without concern for its immediate 
application, they feel that the fruits of 
their searches can be more readily put 
to good use if they adopt what I have 
called the skills of “sciencemanship.” 
Some think that success in science and 
the manipulation of that success are 
a natural sequence, if one realistically 
acknowledges that the same motivations 
which are found in other workers are 
also present in scientists—such as jeal- 
ousy, competition, the desire to please 
a superior. 

In general, the new model of science 
is a corporate one. With this, and its 
spelling out of all the multiple sub- 
parts, budgets, and personnel and ad- 
ministrative matters, comes an increas- 
ingly tight definition of what each scien- 
tist specifically does at work. This is 
an important change in the scientist’s 
view of his role, which has character- 
istically been in part ambiguous and 
indefinite, hinting at the possibility of 
multiple choices. Many scientists have 
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proof and sanitary disposable cage as proved 
under actual field conditions. 


To demonstrate the convenience and economy 
of the New, S. I. U. Disposable Mouse Cage, 
an Introductory Sample Test Package is avail- 
able: 


Aloe #1982 — Introductory Sample Test Pack- 
age, S. I. U. Disposable Mouse Cage, consisting 
of 12 Bottoms, 6 Tops, 6 Supports, 6 Food 
Hoppers, 6 Water Bottles with Stoppers and 
Stainless Steel Water Tubes............ Only $19.75 


Order Your Test Package Today; or, For Further 
Information and Demonstration Write: 





Ee] i oe se€e i ent i t i | / DIVISION OF BRYNSWICK CORPORATION 
General Offices: 1831 Olive St. 
FULLY STOCKED DIVISIONS COAST-TO-COAST 


St. Louis 3, Mo. 


Your foremost supplier of complete Animal Care Equipment including MODULINE 


CAGES (all types—stainless, galvanized, etc.) « CAGE STANDS e FEEDERS & WATERING 


DEVICES e 
1. D. EQUIPMENT 


ANIMAL BALANCES e 


OPERATING EQUIPMENT e 
CLEANING /SANITIZING EQUIPMENT & CHEMICALS « 


ANIMAL HOLDERS e CLIPPERS « 


(Custom requirements, too.) 
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No. 180 
Standard 
from $215. 


Extremely Rapid 
& Repetitive 
Weighing 

of Minute 
Masses 





SAUTER Ultiamatic 


PRECISION MICRO-BALANCE 


COMPLETELY FRICTION-FREE—All knife edges, pivots 
and bearing surfaces are eliminated by the Sauter 
patented suspension system...reduces inertia to 
an infinitesimal point, 


No. 181 — For measuring 
fibre, filament, thread. 





No. 182 — With fume 
retarding chamber. En- 
larged lower housing for 
ease in handling fuming 
acids and radioactive 
materials. 





shape and weight... completely 
interchangeable, readily preloaded 
outside the balance. Unique con- 
struction makes loading round bot- 
tom pans easy...pan can’t roll 
over. NO COUNTERWEIGHTS 





The Sauter #180 provides unmatched conve- 
nience and accuracy in weighing any type minute 
mass: fibres, filaments, threads, tissues, pow- 
ders, liquids, pellets, and countless other sub- 
miniature objects. It is widely used in scientific 
research, as well as product control in many 
industries including paint, pharmaceutical, 
medical, paper, etc., This balance re- 
quires no weights. It is air damped, shock- 
resistant, and unaffected by even the most 
sudden changes in temperature. 

Capacities — 1 mg to 1242 grams direct reading 
from 1 microgram up. Anti-parallax device. 
11” wide, 8” deep, 14” high. Weight: 10 Ibs. 


Complete details and names of distributors on request, 


AUGUST SAUTER 


OF NEW YORK, INC. 


866 WILLIS AVENUE 


ALBERTSON. L. I., N. Y. 
Ploneer 6-0254 





EXCLUSIVE — Pans are uniform in | 


clung to this ambiguity because it 
seemed to them to mirror some of their 
| attitudes toward the intellectual prob- 
| lems with which they grappled—their 
| dissatisfactions with the obvious and 
| with conventional ways of seeing re- 
ality. 

It seems to me that these changes 
in self-image imply that the scientist 
may be moving outside the intellectual 
pale and that he thus may remain quite 
unconcerned with the cultural schism 
that Holton points out. The “impo- 
| tence of the modern intellectual” has a 
| counterpart in the impotence of the 
| modern scientist. If the intellectual is 
| moving away from the scientist and 
the scientist is, at the same time, 
moving away from the intellectual, the 
summation would indicate that the two 
may be drawing apart at an alarming 
rate. 








BERNICE T. EIDUSON 
Reiss-Davis Clinic for Child Guidance, 
Los Angeles, California 


Bernice Eiduson’s letter is a useful 
amplification of some points on which I 
only touched in my article. Because the 
Jatter was largely on the image of 
science and of the scientist in the mind 
of the literary intellectual, it did not at- 
tempt to develop also the interesting 
problem of the scientist’s own image of 
his work and profession. 

There are, I think, at least three 
good reasons why one should be care- 
ful to discuss these problems separately. 
I cannot develop them here, but I can 

| mention them briefly. 

The first point is simply a practical 
| one. Imaginative remedial action is 
quickly needed on both fronts, but ur- 
gency for action is all too often de- 
stroyed if each “side” is allowed to 
make the comfortable mistake of can- 
celling its obligation by detecting equal 
needs of reform on the other “side.” 

Secondly, the two problems are not 
compatible in an important sense: It 

is, as Dr. Eiduson implies, bad enough 
if scientists have an erroneous concep- 
tion of the nature of science; but it is 
even worse if this is the case of intel- 
lectuals outside science, for we have 

| always depended on the latter to fit 
science into the total pattern of knowl- 
edge. It is not the Newtons who give 
us Newtonian syntheses but the Vol- 
taires. 

Lastly, even at the risk of being 
widely misunderstood, I feel I must 
point out that the two problems are 
unsymmetrical: despite Dr. Eiduson’s 
uncomfortable findings on 40 scientists, 
the general policy and the tone of scien- 

tific work in this country are still being 
| set by men and women who give us 
far more and far better statesmanship 
than we might have any right to hope 
for. Just as in my article I was con- 
cerned with the image of science in 








Mighty Useful 





EDN Recording 


DC MILLIAMMETERS 
DC MICROAMMETERS 


For a thousand and one uses in every 
field of research and production of 
which the following are typical: 


Performance tests 

Life tests 

Tracer element studies 
Photronic measurements 
Medical electronics 

Quality control in production 








On some of the above, the recorder is used direct, 
On others it operates in conjunction with additional 























equipment. 
pc Approximate 
R Input Response 
nose Resistance 
0-50 (A) 
Microamperes 200 ohms 1 sec. 
Miitierperes 1400 ohms | % sec. (B) 
(A) Power required: 120 volts, 60 cycles, 
(B) With 50,000 ohms in external circuit. 








Here’s a versatile team of direct writing 
instruments that combines extreme sen- 
sitivity with simplicity of design and 
ruggedness of construction for long, 
trouble-free life. The simple, direct- 
writing movement eliminates mainte- 
nance associated with servo or linkage 
driven systems. 


Like all E-A recording meters, E-A 
Milliammeters and E-A Microam- 
meters are guaranteed for two years. 


Send for Catalog Sections 41 and 42 


The 
ESTERLINE-ANGUS 


Company 


No. 1 in fine Recording Instruments 
for more than 50 years. 


DEPT. L, BOX 596, INDIANAPOLIS 6, INDIANA 
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the minds of the intellectual leaders to 
whom the public looks for guidance, 
I find it significant that among the 
leading scientific policy makers we still 
have the quality, insight, and range of 
concerns of such men as Rabi, Szillard, 
Oppenheimer, Bronk, Wiesner, Stratton, 
Kistiakowski, Beadle, Harrison Brown, 
and Glen Seaborg, to name only a few 
at random. 

Perhaps, however, this hopeful as- 
pect of present scientific leadership is 
only transitory. These men received 
their training in the days before the 
“new science.” If the concerns of the 
new generation of scientists fit those 
expressed in Dr. Eiduson’s sample, one 
may indeed wonder what will happen 
when the men and women she studied 
take the place of our present spokes- 
men for science. 

GERALD HOLTON 
Department of Physics, 

Harvard University 


Computers and Game-Playing 


Since Science is intended not only 
for scientists in general but also for 
intelligent and interested laymen, it 
seems unfortunate that Norbert Wiener 
[Science 131, 1355 (1960)] should 
have permitted himself to use the jar- 
gon of computer specialists without 
any explanation of the special mean- 
ings which accompany this jargon. 
Wiener discusses checker-playing ma- 
chines, chess-playing machines, and 
learning machines, and this may give 
the impression that these are actual 
physical embodiments of such abilities. 
Actually, no such machines exist. 
Wiener has here followed the practice 
of discussing a program on a general- 
purpose computer as though it repre- 
sented a _ special-purpose machine 
which would operate in the manner 
set forth in the program. 

A program is a set of numbers in 
a certain order, and without human 
interpretation it remains only that. Un- 
doubtedly a machine could be built 
which could move checkers and chess- 
men, but it could only operate on stand- 
ard-size pieces and could not recognize 
as chessmen the innumerable pieces of 
different design which the human 
player recognizes and moves around 
quite simply. 

It is also possible to play abstract 
chess, like games in a book, without 
moving pieces physically; but there are 
analog relationships in real chess—for 
example, the emptiness of a line, which 
is the requirement for movement or 
castling—which cannot be _ directly 
handled by any digital machine. These 
analog relationships can be approxi- 
mated digitally by remembering and 
recalculating the moves of all other 
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hing new in high voltage! 


ELECTROSTATIC GENERATORS 
FOR INDUSTRY 


SAMES Electrostatic Generators, producing substantial amounts of output power 
at voltages up to 600 kv, are the first such generators ever designed for day-to-day 
industrial use. They’re marketed in the U.S. exclusively by Sorensen. 

Output voltage is very nearly pure d-c, marked by the almost complete absence 
of ripple or other a-c components. Voltage regulation ranges from 4% to 0.33% 
for medium stability models and from 0.1% to 0.001% for high stability models. 

You'll find these advanced high-voltage d-c sources described in the new 6-page 
SAMES brochure. A new 32-page Sorensen catalog is also available which lists 
more than 400 models of high-precision power supply equipment and gives valu- 
able selection and application data. Write for your copies — Sorensen & Com- 
pany, Richards Avenue, South Norwalk, Conn. a 
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* 18 models available 
* Voltages up to 600,000 volts 
* Substantially pure d-c output 
* Powers to 2.4 kw 
* Outstanding safety: 
Low output capacitance 
Low overload current 





Wide selection of 
portable models — to 100 kv. 


Wide selection of 
floor-mounted models — to 600 kv. 
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WALL-MOUNTED 
INCUBATOR 


A new NAPCO incubator has been 
designed for use where bench space 
is at a premium and is equipped to 
be hung on walls. Work space con- 
tains 2% cu. ft. Heaters within the 
walls operate at black heat, protected 
from spilled paraffin. Equipped with 
brackets, incubator can be hung on 
any type wall. 


Incubator is fully equipped with a 
copper-framed inner glass door, gas- 
keted outer door, two nickle-plated 
shelves adjustable on %2” centers. 
Additional shelves available. Glass 
fiber insulation. Temperature range 
3° C. above room to 65° C., differ- 
ential +0.5° C. Instrumentation in- 
cludes main switch, calibrated hy- 
draulic thermostat, pilot light and 
chemical thermometer (0°-110° C.) 


Write for bulletin or complete catalog. 


NATIONAL 


NATIONAL APPLIANCE 


APPLIANCE 





NEW ITEM 


Inside. . 10"d. 24”h. 


Outside Lar G,. 33 h. 
{including controls and brackets) 


175 watts 110 volts A.C. 
Net weight 


Theo 


3 oN a 
ce 
LLED ENVIR 


National Appliance Co. 
7634 S.W. Capitol Hy. * Portland 19, Ore. 
Eastern Sales: 


H. Reeve Angel & Co., Inc. 
9 Bridewell Pl. * Clifton, N. J. 





PHOTOGRAPHIC 
OPTIMUM 








SUPER 
TECHNIKA 
cameras... 


Available in 
24%4x3%4, 4x5, 5x7... 
from $399.50 


Linhof Super Technika cameras... photo- 
graphic mainstays of top-level research 
teams throughout the world, meet exacting 
challenges—in the field and in the labora- 
tory—wherever photo-analysis is crucial to 
scientific understanding. Ts. . 







Send 50¢ for colorful, 120-page , 
Linhof Products Handbook. 


Ee 1. TIN G PHOTO. CORPORATION 
257-T Park Avenue South, New York 10, N. Y. 
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AN 
ACCURATE 
RUGGED 


TEMPUNIT 


TO STIR, HEAT, 
CIRCULATE 
AND CONTROL 
WATER 

BATHS! 


NEW 








Tempunit fits any suitable container to 
make a complete ready-to-operate water 
bath in less than a minute! 

Tempunit provides .05° C control differ- 
ential from ambient to 95° C (203° F) ina 
4-gallon uninsulated container. Suction 
from stirrer circulates over ! liter of water 
per minute to external instruments. 

Tempunit uses a rugged, heavy-duty neo- 
prene rubber bellows for fail-safe pneumatic 
cortrol of a 1000-watt immersion heater. 
All submerged parts except the bimetallic 
sensing element are nickel-plated for extra 
long life. ‘ 

Net weight 614 lbs. Shipping weight 12 
lbs. Overall height 12”. Case dimensions 
5” x 434” x 634”. For operation on 115 Volt 
60 Cycle A.C. 

No. $414-60 Tempunit each......... $135.00 


ARTHUR S. LaPINE and COMPANY 
6001 South Knox Avenue * Chicago 29, Illinois 
LABORATORY SUPPLIES AND REAGENTS 








pieces in order to determine whether 
a given line is empty and, hence, that 
a certain move is possible. But such 
a set of calculations is not identical to 
the visual recognition that the space 
between two pieces is empty. A large 
part of the enjoyment of chess—for 
example, its relationship to war games 
—derives from its deployment or topo- 
logical character, which a machine 
cannot handle except by elimination. 
Wiener recognizes this problem by not- 
ing that different programs would be 
required for opening, middle, and end 
games. If game is used in the usual 
sense—that is, as it was used before 
the word was redefined by computer 
enthusiasts with nothing more serious 
to do—it is possible to state categori- 
cally that machines cannot play games. 
They cannot play chess any more than 
they can play football. 

In Wiener’s earlier work, Cybernet- 
ics, he was able to make a case for 
learning machines only by equating 
learning with conditioned reflexes. As 
a matter of fact, the doctrine of con- 
ditioned reflexes as an explanation of 
human habits and human learning is 
certainly questionable, if not false. 
Sherrington can be accepted as an 
authority in stating that although the 
behavior of living organisms can be 
modified by subjecting them to certain 
patterns of experience, reflexes in the 
physiological sense of that term are 
not conditionable or modifiable. In 
short, the expression conditioned re- 
flex is a contradiction, because physiol- 
ogists distinguish reflex activity from 
other types of nervous activity on the 
basis of the fact that reflexes cannot 
be conditioned. There is nothing more 
strange or mysterious in this fact than 
there is in the denial of (he Lamarckian 
doctrine of the inheritance of acquired 
characteristics. Sherrington explicitly 
and categorically distinguishes reflex 
behavior from habitual behavior on the 
grounds that habitual behavior is ac- 
quired and modifiable, whereas reflex 
behavior is not. 

Having described the feedback oper- 
ations of computers in Cybernetics, 
Wiener goes on to say: “I wish to 
emphasize that I do not say that the 
process of the conditioned reflex oper- 
ates according to the mechanism I have 
given; I merely say that it could so 
operate. If, however, we assume this 
or any similar mechanism, there are 
a good many things we can say con- 
cerning it. One is that this mechanism is 
capable of learning. It has already been 
recognized that the conditioned reflex 
is a learning mechanism. . . . There is 
nothing in the nature of the computing 
machine which forbids it to show con- 
ditioned refiexes.” 





When reputable scientists begin to 
accept explanations merely on the basis 
| that they could be true and that nothing 
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forbids their being true, science be- 
comes indistinguishable from supersti- 
tion. 

One final comment should be made 
about the danger of heuristic argu- 
ments about heuristics in science. 
Wiener objects to von Neumann’s 
theory of games, which depends upon 
stating the complete formal rules of a 
game, and suggests that we substitute 
tentative play modified by experience. 
He justifies this suggestion by pointing 
out that this is the way human beings 
play chess, in particular, or run their 
affairs, in general. He points out that 
certainly Napoleon won his victories by 
modifying his strategies in terms of the 
different abilities and responses of his 
opponents. He seems not to recognize 
that this strategy also led Napoleon to 
Russia and Elba. 

MoRTIMER TAUBE 
Documentation Incorporated, 
Washington, D.C. 


Science and Human Affairs 


The AAAS Committee on Science in 
the Promotion of Human Welfare 
should be congratulated on its state- 
ment [Science 132, 68 (8 July 1960)]. 
Most of us will agree that the problem 
discussed is real and urgent. No one 
should oppose the suggested prepara- 
tion and dissemination of reports for 
the general public. 

The “development of liaison between 
scientists and the public on a local 
basis,” however, raises some prickly 
problems and should stir up a continu- 
ing debate. The scientist who tries to 
take part in political and economic 
activities as a scientist, instead of merely 
as a citizen, comes face to face with 
the fact that all important decisions 
in business, politics, and war are made 
on the basis of inadequate information 
and unproved theory; in an embarrass- 
ingly large number of cases, the sci- 
entist can only point out the depth 
and breadth of human ignorance—and 
shut up. But in many cases the border 
line between personal prejudice and 
scientific theory is pretty dim, and the 
man who sets out to explain the facts 
about radioactive fallout or increas- 


ing birth rates is apt to find himself de- | 


fending a political philosophy or reli- 
gious dogma. 
Unfortunately, it is a general rule 


that men tend to be radicals in fields | 


which they know well and conserva- 
tives in areas where their knowledge 
is superficial. Physical scientists and 
engineers are usually classed as re- 
actionaries by the more original theo- 
tists of politics and economics. It 
would be unfortunate if our efforts to 
serve humanity merely resulted in iden- 
tifying science with the most archaic, 
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helps Eastman Kodak's industrial laboratory guard high quality of photographic products. 


EASTMAN KODAK APPLICATION TYPIFIES 
VALUE OF BENDIX’ MASS SPECTROMETER 


BY IDENTIFYING MINOR CONSTITUENTS FOUND IN SOLVENTS, a Bendix Time- 
of-Flight Mass Spectrometer helps maintain tight quality control over East- 


man Kodak film. Similarly, important 
companies in chemicals, petroleum, 
food, drug, missiles, and many other 
fields are using this scientific instru- 
ment to analyze products, mixtures, 
and reactions in their research and 
quality control programs. 


STUDY OF EXTREMELY FAST CHEMI- 
CAL REACTIONS is possible because the 
Bendix Mass Spectrometer can make 
10,000 analyses or mass spectra per 
second. An important feature is our 
newly developed hot filament sample 
inlet system, available for new Bendix 
Spectrometers and those now in use. 
Together with line-of-sight sampling, 
this facilitates ready analysis of solids. 
Bendix wide mass range and high reso- 
lution are ideal for study of high 
molecular weight materials. Display 
may be chart recording, oscilloscope 
scanning, or both simultaneously. 


BECAUSE THE ONE INSTRUMENT 
SERVES MANY USES in analyzing gases, 
solids and liquids, it gives greater 
value per-dollar-invested. To learn what 
advantages it may have for your busi- 
ness, write... 


Department E 8-26 


Cincinnati Division 


3130 Wasson Rd., CINCINNATI 8, Ohio 








OTHER FEATURES 


High Resolution—usable adjacent mass 
resolution beyond 500 atomic mass 
units. 

Wide Mass Range—each spectrum covers 
1 through 4,000 a.m.u.'s. 

High Sensitivity—demonstrated better than 
3 parts per million. 

Easily modified for special problems. 


APPLICATIONS 


Chromatograph output identification. 

Molecular beam analysis using Bendix 
Knudsen Cell or Bendix Hot. Filament 
Sample Introduction Systems (new Ben- 
dix accessories). 

Chemical kinetics research. 

Quantitative analysis. 

lonization potential studies using vari- 
able electron energy (standard equip- 
ment). 

Pyrolysis, 
studies. 


pilot plant, and negative ion 
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Mercury isotopes—actual recording 








Export Sales: Bendix International Division, 205 East 42nd Street, New York 17, N. Y. 
Canada: Computing Devices of Canada, Ltd., Box 508, Ottawa 4, Ontario. 
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APPLICATION FOR HOTEL RESERVATIONS 
127th AAAS MEETING 
New York, 26-31 December 1960 


The five hotels for the AAAS New York meeting have established special, low, flat rates and have reserved 
appropriately large blocks of rooms for this meeting. Thus everyone making room reservations for the AAAS 
meeting is assured substantial savings. 

The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
vation in New York. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
in New York and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
promptly; a confirmation will be sent you in two weeks or less. 

If requested, the hotels will add a comfortable rollaway bed to any room, at $3.00 per night. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give 
a definite date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 230, Science, 22 July. Both the Com- 
modore and the Biltmore are AAAS headquarters hotels. 


Flat Rates for Rooms with Bath* 


Hotel Single Double Bed Twin Beds Suites 
Commodore $ 8.50 $14.00 $15.50 $21.00 to $52.50 
Biltmore 8.50 14.00 15.50 45.00 and up 
Roosevelt 8.50 14.00 15.50 39.00 to 43.00 
Belmont Plaza 8.50 14.00 15.50 30.00 and up 
Waldorf-Astoria 10.00 16.00 18.00 45.00 and up 











* All rates are subject to a 5% New York City tax on hotel room occupancy. 


Seaaimtententantenten THIS IS YOUR HOUSING RESERVATION COUPON -—————————-——-- 


AAAS Housing Bureau 


90 East 42nd Street Date of Application 
New York 17, N.Y. 


Please reserve the following accommodations for the 127th Meeting of the AAAS in New York, 26-31 December 1960: 
TYPE OF ACCOMMODATION DESIRED 


Single Room ................... Double-Bedded Room ................. . Twin-Bedded Room «2. ic.0006 000 0sise03 


Suite ............008. Desired Rate...................... Maximum. Rate: 5. 6d cieced os 5:0-400-4'0 Gacrtieia wai os a bees eae 
(Desired rate and maximum rate apply only to suites) 


Number in party ................. Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


First Choice Hotel ................00005: Second Choice Hotel ...................... UME, GRNONGE BIOS goss 5b 5i.0.s were Gaces 
DATE OF ARRIVAL wn cicscccaccasctcessccttesaesecevessaces DEPARTURE. DATE 26. cccgucan cass caatay Cacao eee 
(These must be indicated—add approximate hour, A.M. or P.M.) 

PUPAE, ois ii. 0 vin soem que Reet NbaecalSberGead emi wisrs viaiele Se) Giese Wig 6 0eile: oes er 09°" W100, 4a 8.08.6) 970, 0974110: 9 Sug giceee CLOT CSTR A aR TENG TRON ta eta ct 

(Individual requesting reservation) (Please print or type) 
PTO anos 2. EES leew Cie seis be eet ibis 0 ie 6 wiv eins Grb 0.90 aye jornse: Spwisiave disle Wi Gr9\p ace: bye o are:4r-amenim, fh lel eteh ie ane giiehe ies ean nase: Sian 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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unimaginative, and sterile approaches 
to social problems. (Note: I am a 
physical scientist.) 

We can avoid such traps if—and 
only if—we emphasize the fact that 
the real contribution which science can 
make to problems of human relation- 
ships is not “facts” or “answers.” The 
real contribution is an attitude and a 
set of values. Science did not gain its 
present power and influence simply by 
being an orderly accumulation of data; 
a large telephone directory may con- 
tain a million facts, in perfect order, 
and an infinite number of telephone 
directories would contain an_ infinity 
of factual information—and be of no 
value whatever for solving our major 
problems. Science, as we now know 
it and value it, exists because there 
have been men with a passion for 
ideas, whose first loyalty was to in- 
tellectual honesty—men who valued an 
increase in understanding more than 
they valued the comfort and safety of 
accepted authority. They have created 
a tradition of objectivity, tolerance, 
free speculation, patient analysis, and 
open communication. They have fought, 
when necessary, for the right to con- 
sider alternatives to established dogma 
and the freedom to discuss ideas, in- 
cluding the ideas of other men in other 
countries. , 

There is little doubt that such an 
attitude, if widely understood and gen- 
erally accepted, could be a major step 


To explain, apply, and defend our 
scientific values is neither easy nor safe, 
however—especially when we try to 
apply them to controversial policies. 
The committee report ably, but too 
briefly, points out the pressures which 
are being applied to make science an 
instrument of national policy, and to 
make it sacrifice its best traditions in 
the hope of transforming it into a de- 
pendable military weapon. The com- 
mittee might well have added some 
comment on the informal social pres- 
sures, which can be equally strong and 
equally deadly. The fact is that most 
laymen regard the application of scien- 


tific objectivity, tolerance, and logic to 
problems which touch on religion, 
patriotism, politics, or sex as blasphe- 
mous, subversive, and immoral. And 
a surprising number of scientists feel 
the same way. Few of us are any more 
judicious or restrained, outside our 
laboratories, than the average layman. 
On the whole, we cooperate enthusi- 
astically with the efforts which our 
nonscientific friends are making to 
run the world by tradition, prejudice, 
and simple inertia. 

A program somewhat along the 
lines recommended by the committee 
is probably essential if science, as we 
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toward the better ordering of human 
affairs. I recognize the fact that there 
are many who will argue that the ap- 
plication of the scientific attitude to 
social relationships is impossible—that 
the human animal simply has to have 
some outiet for the irrational and psy- 
chopathic forces which are within us 
all. It is obvious that we all seek some- 
one to blame for our frustrations and 
inadequacies. There is something ir- 
resistibly attractive in the thought that 
we can please God and solve all prob- 
lems by simply burning heretics and 
despoiling unbelievers. War, politics, 
and religion have traditionally satisfied 
these needs, and it may be argued that 
they always will. We can only say that, 
if this is so, “always” may be a very 
short period of time. But we have good 
reason to hope that there are unexplored 
potentialities in human _ psychology. 
Books like Ruth Benedict’s Patterns of 
Culture tell us that there are alterna- 
tives to most of the sources of satisfac- 
tion which we take for granted, and 
that enduring societies can be based 
on these alternatives. It is not absurd 
to try to create a world in which sci- 
entific discovery will give as much 
emotional satisfaction—and bring as 
much prestige—as killing large num- 
bers of strangers, or one in which in- 
tellectual integrity will be as powerful 
as fanaticism. 
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content) and 7 to 10% beta 
globulin. Gamma globulin 
chemically removed by frac- 
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proteins and growth compo- 
nents. Every lot biologically 
tested and rigidly assayed by 
moving boundary electro- 
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Supplied as ready-to-use 
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tissue culture line now in- 
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NCTC 109 Medium, 100 cc 
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30 cc and 100 cc. 
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Hyland’s regular Calf Serum. 
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of alpha globulin (28 to 29% 
of the total protein content). 
Alpha globulin contains the 
fetuin component, which is 
required for growth, and in 
its presence most cells adhere 
to glass and assume a flattened 
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Serum is supplied in either 
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like added to our line. 


HYLAND LABORATORIES 
4501 Colorado Blvd., 
Los Angeles 39, 


California 





559 








know it, is to survive. Otherwise, we 
may expect an ever-increasing blanket 
of secrecy to cover the progressive deg- 
radation of science to the status of a 
weapon for cold war or hot, and ever- 
increasing suspicion, hostility, and mis- 
understanding to divide scientists from 
nonscientists. Such a program, though, 
will call for more courage, more action, 
and more conscious resistance to mass 
hysteria than most of us have been 
willing to contribute to date. During 
the recent years which were dominated 
by Joe McCarthy, the real point at 
issue was not the guilt or innocence 
of his victims. The real question was 
whether the American citizen could be 
punished for opinions as well as for 
acts—whether our traditional freedom 
of thought, freedom of association, 
freedom of movement, and freedom of 
speech were absolute or subject to the 
whim of any official who claimed to 
act in the national interest. The ques- 
tion was obviously of vital importance 
to scientists, yet scientific and technical 
societies took remarkably little part in 
the debate, and scientists as individuals 
applauded the witch-hunt about as often 
as they condemned it. We shall have 
to do better in the future if science is 
to have either the respect or the un- 
derstanding of future generations. 
WILLIAM PALMER TAYLOR 
416 Ross Avenue, 
Hamilton, Ohio 


The suggested approach of the AAAS 
Committee on Science in the Promotion 
of Human Welfare is a fine beginning 
for restoring balance in the relationships 
between the scientist and the general 
public. As the committee comments, 
the problem is an acute one, becoming 
more so, and some sort of crash pro- 
gram is needed in these frightening 
times. In this light, I think the four- 
point program proposed—(i) stimula- 
tion of discussion among scientists, (ii) 
gathering of facts relevant to an issue, 
(iii) dissemination of reports to the 
public, and (iv) development of local 
liaison—is a good one. 

However, with regard to points (iii) 
and (iv), I think an approach on a 
more vertical front than that proposed 
is required. The adult public as it now 
exists has little if any background in 
science and scientific thought. It has 
had schooling in which the study of 
science was largely avoided. This is 
true even of the political and economic 
leaders of our society. Many of those 
with college educations have had busi- 
ness or liberal arts training in which 
the science requirement has been at a 
minimum. Those with high school ed- 
ucations have had even less science. 

There is therefore a poor founda- 
tion on which to build a structure of 
scientific awareness in our lay popula- 
tion. A man who has had no physics 
is not likely to grasp fully the impli- 
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cations of the nuclear revolution. A’ 
man with no biology or mathematics. 
cannot really understand the problems. 
of the population explosion. Although 
I do think we should attempt to reach 
the adult public according to the pro- 
posals advanced by the committee, I 
also think we have considerably more 
to gain by an expanded program di- 
rected toward our student population. 
There is much talk of increased 
science teaching in our schools. How- 
ever, it must be remembered that these 
curricula are still being run by the 
same administrators who were in 
charge before and who were dedicated 
to making school as easy as possible. 
They are the least well educated people 
in our educational system and are 
hardly qualified to administer a meatier 
program without guidance and support 
from scientists themselves. It appears 
to me that those schools which had 
strong science curricula before have 
them still and that those which had 7 
weak programs still have weak ones. 
This is not to say we should educate 
all to be scientists. I am saying we can. 
do a lot more to see that our students | 
are taught enough science and scientific 
method of thought to enable them to 
consider the problems created by sci- 
entific advance and have some hope 
of solving them intelligently. 
To be specific, I think we should (i) 
participate more, as individual scientists 
and in groups, in the educational affairs 
of our communities; (ii) create com- 
mittees, if they do not already exist, 
to consult with state and national edu- 
cational organizations and with state] 
education commissions to impress upon 
them the importance of expanded sci- 
ence teaching in the schools; the com- 
mittees should be prepared to present 
suggested curricula, textbooks, and 
teaching methods to these organizations. 
(iii) these activities should be con- 
ducted on a broad scientific front rather 
than by individual groups representing 
biology or chemistry or mathematics. 
We are forced now to take almost 
defensive measures as scientists against 
a relatively ignorant and sometimes 
hostile public. By making greater efforts 
on behalf of our students, we should 
be able to look forward to a time when 
the general public will be aware of the 
peculiar methods and needs of science 
and of the problems created by scien- 
tific advance; will understand the differ- 
ence between science and technology; 
will not exert the pressures which un- 
dermine scientific integrity; and will | 
not have to be forced-fed a diet of 
science in order to gain some dim un- 
derstanding of the tremendous changes 
occurring in the world. 
Epwarp J. RYDER 
U.S. Agricultural Research Service, 
Salinas, California 
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Meetings 


The Pancreas 


A symposium on the pancreas, spon- 
sored by the Mallinckrodt Foundation, 
was held from 23 to 25 May at Endi- 
cott House, Dedham, Mass. The discus- 
sion covered several phases—first, the 
pancreas as a whole with its anomalies, 
its injuries and infections and its tumors, 
both benign and malignani. The com- 
ments and conclusions may be sum- 
marized as follows. Most of the clinical 
tests for pancreatic function are rela- 
tively inaccurate. Pancreatic disease, 


once initiated, tends to be progressive. 
The volume of secretion from the pan- 
creas is surprisingly large, amounting 
to several hundred cubic centimeters 
per day. There is no known disorder 
due to overfunction of the pancreas as 
an exocrine organ, although probably 
the reason alcohol makes pancreatitis 
worse is that it increases the amount of 
secretion produced by the still func- 
tioning portions of the pancreas. 
Mucus is an important constituent of 
the pancreatic secretion, and disturb- 
ance in mucus secretion as part of a 
generalized disease process leads to the 
development of cystic fibrosis. The basic 
unit for exocrine function seems to be 
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protein particles associated with the 
microsomal portion of the cell, which 
are concerned with making the en- 
zymes. The key units probably come 
from the endoplasmic reticulum of the 
acinar cells. There is evidence that some 
type of feedback mechanism exists 
whereby the output of the proper en- 
zyme is maintained to meet dietary 
needs. The particles of enzyme appar- 
ently require magnesium ions to main- 
tain structural integrity. The enzyme 
particles form in the Golgi region, grow 
larger, and take up additional liponu- 
cleoprotein to become zymogen gran- 
ules. The formed zymogen granule is 
from 0.5 to 1.5 micron in diameter. The 
nucleus seems to have a gene-governing 
function but does not participate direct- 
ly in the process of enzyme formation. 
The zymogen granules pass by lacunar 
spaces through the cell membrane. The 
reaction of the fluid within the ducts is 
quite alkaline. It is possible that the 
bicarbonate which helps to maintain 
this alkalinity is secreted by the centro- 
acinar cells. 

Among other diseases that affect the 
pancreas as a whole are hemosiderosis 
and hemochromatosis; these are difficult 
to distinguish from one another and 
perhaps are the same disease process 
basically. The effects of the disturbed 
iron metabolism are apparent in the pan- 
creas as well as in other organs of the 
body, and there is damage to practically 
all the cells of the islands indiscrimi- 
nately, except that the alpha cells seem 
to be relatively free from iron pig- 
ment. When the beta cells are sufficient- 
ly involved in hemochromatosis, dia- 
betes results: 

Decrease in pancreatic exocrine func- 
tion is largely due to inflammatory or 
obstructive processes. Obstruction is 
probably the most important in bring- 
ing about loss of exocrine function, and 
obstruction always leads to infection, 
which, in turn, tends to destroy addi- 
tional pancreatic tissue. In general, the 
islands of Langerhans resist inflamma- 
tory and neoplastic processes. Adminis- 
tration of crude extracts of the pan- 
creas in general constitutes satisfactory 
substitute therapy in the event of loss 
of exocrine function. While ectopic 
pancreatic tissue may take over to some 
extent for a damaged pancreas, the oc- 
currence is rare and the mass is usual- 
ly small. Usually ectopic pancreas car- 
ries ductal, acinar, and insular elements. 
Under certain conditions new forma- 
tion of islands may occur, even in the 
diabetic patient. This has been observed 
both in man and in experimental ani- 
mals. The new formation comes chiefly 
from the epithelium of the ducts. Under 
normal circumstances, cellular turnover 
in the islands is extraordinarily slow. 
With acute damage, as in alloxan poi- 
soning and acute toxemic diseases, the 
beta cells may be particularly damaged 
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and regeneration may occur promptly. 

The insular tissue maxes up about 2 
percent of pancreatic mass in normal 
tissue and may make up as much as 3 
percent in obese persons. Insulin plays 
a role in stimulating pinocytosis in cer- 
tain fat cells. The ratio of alpha to beta 
cells is approximately 1 to 3 in man. 
In the diabetic patient, the average 
weight of the island tends to be about 
one-third that of the normal island. If 
there are not qualitative evidences of 
damage to the island in diabetes melli- 
tus, there is almost always a quantita- 
tive reduction. The first evidence of 
disease in the islands is hydropic or 
glycogenic vacuolization, which may 
progress to fibrosis or hyaline deposi- 
tion. The pancreas of the young dia- 
betic contains much less insulin than 
does that of a person who becomes 
diabetic later in life. Interestingly 
enough, the insulin requirement of the 
totally depancreatized individual or an- 
imal is somewhat less than that of the 
diabetic. 7 

Insulin is clearly related to the beta 
cell, glucagon to the alpha cell. Insulin 
may properly be considered a growth 
hormone as well as a regulator of car- 
bohydrate metabolism. Insulin tends to 
build glycogen and reduce fat. Unless 
special precautions are taken, insulin 
contains glucagon. Glucagon increases 
the metabolic rate and causes ketosis 
even before glycosuria develops. Glu- 
cagon may induce diabetes in some an- 
imals. After prolonged administration 
of glucagon to the experimental animal 
the alpha cells decrease in number. 

SHIELDS WARREN 

Cancer Research Institute, 
Boston, Massachusetts 


Forthcoming Events 
September 


20-23. Conf. on Pure Food Laws, Lon- 
don, England. (Secretariat, Pure Food 
Centenary 1960, 14 Belgrave Sq., London 
S.W.1) 

20-24. Aeronautics, 4th European cong., 
Cologne, Germany. (Wissenschaftliche 
Gesellschaft fiir Luftfahrt, Eberplatz 2, 
Cologne ) 

20-7. International Atomic Energy 
Agency, 4th general conf., Vienna, Aus- 
tria. (IAEA, 11 Kiarntner Ring, Vienna 1, 
Austria) 

21-22. Industrial Electronics, 9th an- 
nual symp., Cleveland, Ohio. (G. E. Hind- 
ley, Reliance Electric & Engineering Co., 
24701 Euclid Ave., Cleveland 17) 

21-23, National Power Conf., Philadel- 
phia, Pa. (A. B. Conlin, Jr, ASME, 29 W. 
39 St., New York 18) 

22. Society of Plastics Engineers, Bing- 
hamton, N.Y. (T.. A. Bissell, SPE, 65 
Prospect St., Stamford, Conn.) 

22-23. High Temperature Resistance 
and Thermal Degradation of Polymers, 
symp., London, England. (Symposium Sub- 
committee, Plastics and Polymer Group, 
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Soc. of Chemical Industry, 14, Belgrave 
Sq., London, S.W.1) 

22-26. Cancer Cytology, intern. conf., 
Madrid, Spain. (Miss E. L. Hughes, Pan 
American Cancer Cytology Soc., P.O. Box 
633, Coral Gables, Fla.) 

23-25. Inter-Society Cytology Council, 
annual, Chicago, Ill. (P. A. Younge, ISCC, 
1101 Beacon St., Brookline 46, Mass.) 

24-2. American Soc. of Clinical Pathol- 
ogists, Chicago, Ill. (A. H. Dearing, 2115 
Prudential Plaza, Chicago, III.) 

25-28. American Inst. of Chemical 
Engineers, Tulsa, Okla. (F. J. Van Antwer- 
pen, AICE, 25 W. 45 St., New York 36) 

25-30. North American Assoc. of Al- 
coholism Programs, 11th annual conf., 
Banff, Alberta, Canada. (J. G. Strachan, 
Alcoholism Foundation of Alberta, 9910 
103rd St., Edmonton, Alberta, Canada) 

26-28. American Inst. of Electrical 
Engineers, petroleum industry conf., Okla- 
homa City, Okla. (R. S. Gardner, AIEE, 
33 W. 39 St., New York 18) 

26-28. American Soc. of Mechanical 
Engineers, petroleum mechanical engineer- 
ing conf., New Orleans, La. (A. B. Conlin, 
Jr.,. ASME, 29 W. 39 St., New York 18) 

26-28. Electronic Industries Assoc., 
natl. conv., Pittsburgh, Pa. (V. M. Graham, 
EIA, 11 W. 42 St., New York 36) 

26-28. Standards Engineers Soc., an- 
nual, Pittsburgh, Pa. (J. A. Caffiaux, SES, 
11 W. 42 St., New York 36) 

26-30. Instrument Soc. of America, 
New York, N.Y. (W. H. Kushnick, ISA, 
313 Sixth Ave., Pittsburgh 22, Pa.) 

26-1. Natural Rubber Research Conf., 
Kuala Lumpur, Malaya. (Rubber Research 
Inst. of Malaya, P.O. Box 150, Kuala 
Lumpur) 

27-29. Relative Humidity and Paper 
Test Methods, symp., Grand Rapids, 
Mich. (Technical Assoc. of the Pulp and 
Paper Industry, 155 E. 44 St., New 
York 17) 

27-30. American Rocket Soc.—Power 
Systems Conf., Santa Monica, Calif. (R. L. 
Hohl, ARS, 500 Fifth Ave., New York 36) 

27-30. American Roentgen Ray Soc., 
Atlantic City, N.J. (N. Jones, 20 N. 
Wacker Dr., Chicago 6, IIl.) 

27-30. Association of Iron and Steel 
Engineers, annual conv., Cleveland, Ohio. 
(T. J. Ess, AISE, 1010 Empire Bldg., Pitts- 
burgh, 22, Pa.) 

27-30. Medical Photography, 1st intern. 
cong., Cologne, Germany. (Deutsche 
Gesellschaft fiir Photographie e.V., K6ln, 
Nurmarkt 49, Germany) 

28-1. International Soc. of Audiology, 
5th cong., Bonn., Germany. (Prof. Langen- 
beck, Baumschuallee 29, Bonn) 

28-5. Pan-Pacific Surgical Assoc., 8th 
cong., Honolulu, Hawaii. (F. J. Pinkerton, 
230 Alexander Young Bldg., Honolulu 13) 

30-1. American College of Radiology, 
Atlantic City, N.J. (F. H. Squire, Presby- 
terian-St. Luke’s Hospital, 1753 W. Con- 
gress St., Chicago 12, III.) 

30-1. American Medical Writer’s Assoc., 
Chicago, Ill. (H. Swanberg, 510 Maine St., 
Quincy, IIl.) 


October 


1-2, Enzymes in the Manufacture, Stor- 
age and Distribution of Food, symp., 


London, England. (Society of Chemical | 


Industry, 14 Belgrave Sq., London (S.W.1) 
26 AUGUST 1960 


CENTRIFUGES & INSTRUMENTS 


“Serve You Best" 























$S-3 PUSHBUTTON AUTOMATIC 


oS eects 








SS-4 ENCLOSED SUPERSPEED 


Tee 








SS-1 SUPERSPEED ULTRA-MICROTOME 











From the RC-2, the latest in Refrigerated Centrifu- 
gation, to the SERVALL Small & Medium Centrif- 
uges with their remarkable variety of tube combi- 
nations (ideal for the chemistry lab), there is a 
SERVALL Centrifuge to suit your every need in 
the low to Superspeed range (0 to 20,000 rpm — up ‘ 
to 37,000 x G). Special rotors such as virus or par- SP/X MEDIUM CENTRIFUGE 
ticle counting, and field-aligning also are available. 

The SERVALL 8 to 2 Tube Direct Sedimentation Continuous Flow System 
is still unique after having been in production for more than two years. 
SERVALL Instruments include the world-renowned “Porter-Blum” Ultra- 
Microtome (1/40 micron), Omni-Mixer Homogenizer (with or without Micro- 
Attachment for 0.5 to 3 ml up to 50,000 rpm), Pipettes, and the new SERVALL- 
Ribi Apparatus for preparative work on cell walls for research and production. 





ILLUSTRATED LITERATURE AVAILABLE 
UPON REQUEST FOR CATALOG SC-8GC 





Kwan Sorwall, Ine. 


NORWALK + CONNECTICUT 





AN INDEPENDENT COMPANY: NOT CONNECTED WITH ANY OTHER CENTRIFUGE MANUFACTURER. EST. 1934. 
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2-5. American Inst. of Mining, Metal- 


lurgical and Petroleum Engineers, fall, 
Denver, Colo. (E. O. Kirkendall, AIME, 
29 W. 39 St., New York 18) 

2-6. Water Pollution Control Federa- 
tion,. 33rd annual, Philadelphia, Pa. 
(WPCF, 4435 Wisconsin Ave., Washing- 
ton 16) 

2-7. American Soc. of Plastic and Re- 
constructive Surgery, Los Angeles, Calif. 
(T. R. Broadbent, 508 E. S. Temple, Salt 
Lake City, Utah) 

3-5, Applied Spectroscopy, 7th symp., 
Ottawa, Canada. (C. R. Langdon, Alu- 
minium Co. of Canada, Ltd., Arvida, Que- 
bec, Canada) 

3-5. Communications, 6th natl. symp., 





Utica, N.Y. (B. H. Baldridge, Communi- 
cations Symp., Light Military Electronics 
Dept., General Electric Co., Utica) 

3-5. Nuclear Science, 7th annual, Gat- 
linburg, Tenn. (H. E. Banta, Oak Ridge 
National Lab., P.O. Box X, Oak Ridge, 
Tenn.) 

3-7. Atomic Energy, 5th intern. sem- 
inar, Wiesbaden, Germany. (Mr. Trebst, 
Diplom-Volkswirt, Generalsekretaér, In- 
ternationale Studiengesellschaft e.V., The- 
odorenstr. 6-8, Wiesbaden) 

4-6. Radio Interference Reduction, 
6th conf., Chicago, Ill. (S. I. Cohn, Ar- 
mour Research Foundation, 10 W. 35 
St., Chicago) 


(See issue of 19 August for comprehensive list.) 








MAIL COUPON TODAY 


expanded 12th 
edition of the 
Emil Greiner 
catalog contains’ 
complete : 
information on 
The World’s 
Largest 
Selection 

Of Laboratory 
Equipment and 
Apparatus 


e NEW SECTIONS on Chromatography and 
Nuclear Radiation 

e EXPANDED SECTIONS on centrifuges, elec- 
trical testing equipment, clinical testing, 
petroleum test equipment, distillation equip- 


ment, polyethylene ware, many more. 


“The FUT Gp 


J ER (p,* COMPLETELY INDEXED, conveniently 
REIN N. a. grouped alphabetically. 


The Emil Greiner Co. NAME...... 
Dept. 527 

20-26 N. Moore Street > caged ala 
New York 18, N. Y. FIRM NAME 
Gentlemen: 

Please send meafree copy ApDRESS.... 
of your expanded catalog 

(12th Edition) OITY. . cece 


568 
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See ee meee weer ewer eres eseeeeesee eoveceece' 
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THELCO 








Favored for dependable, economical 
operation Thelco Ovens and Incubators 
serve almost every laboratory. 


Thelcos provide a temperature range 
up to 200°C with uniformity equal to 
the most expensive cabinets...the only 
cabinets to combine low initial invest- 
ment with such performance... backed 
by published test figures. 


Such construction features as glass wool 
blanket insulation on all sides, black 
heat elements, all welded construction, 
and chrome plated hardware are gens 
erally available only in higher priced 
cabinets. Thelco offers them at budget 
prices. 

You can buy a Thelco for as little as 
$85 and the big 10 cu. ft. incubator 
for $375. You benefit from a choice of 
models — gravity convection, forced 
draft, vacuum etc. 

Thelco cabinets are stocked by nation- 
wide distributors ... can always be 
promptly delivered ... parts and serv- 
ice are just a “phone call away”. 


For full details write for Bulletin 376C, 


Thelco cabinets... like the new 
rewe- +. are built by 


‘SINCE 1920 





PRECISION 
SCIENTIFIC CO. 











3735 West Cortland St., Chicago 47, Ill. 
Local Offices in Chicago + Cleveland « Houston 
New York + Philadelphia « San Francisco 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. A coupon for use in mailing inquiries 
concerning the items listed is included in the post 
card insert. Circle the department numer of the 
items in which you are interested on this coupon. 


®@ INTEGRATING AMPLIFIER for use with 
chromatographs accepts the output of 
the chromatograph amplifier and pro- 
duces an output to the recorder that is 
displayed as deflection from a base line. 
When the component has been com- 
pletely eluted, the recorder trace again 
runs parallel to the base line. Height of 
the step measures area under the con- 
ventional chromatogram peak. Alter- 
native output systems such as indicating 
meters or digitizers can also be used. 


(Jarrell-Ash Co., Dept. Sci711, 26 
Farwell Street, Newtonville 60, 
Mass. ) 


®@ 256 CHANNEL ANALYZER features pre- 
selected automatic programing; mag- 
netic tape auxiliary memory; 600 to 
2500 volts high-voltage power supply; 
single-push-button manual operation; 
and six modes of readout. Desired 
analyzer cycle of 12 operations, includ- 
ing accumulate, display, complement, 
print, and selective storage, can be pre- 
programed by patchboard. The analyzer 
automatically performs the specified 
operations at the touch of a single but- 
ton. (Radiation Counter Laboratories, 
Dept. Sci713, 5121 W. Grove, Skokie, 
Ill.) 


= POTENTIOMETRIC RECORDER has been 
redesigned to increase flexibility and 
convenience. Among the changes are 
a constant voltage reference using a 
Zener diode and eliminating batteries, 
standard cell and standardizing mecha- 
nism; compartmented measuring circuit 
that interchanges as a unit for range 
changing; plug-in unit for multipoint 
recorders that interchanges to change 
number of points recorded from 2 to 
24 points; plug-in amplifier unit. 
(Minneapolis-Honeywell, Dept. Sci714, 
Wayne and Windrim Aves., Philadel- 
phia 44, Pa.) 


®& SYNCHRONOUS MOTOR for slow speeds 
comprises two identical counter-rotating 
motors in a housing. Cne motor is con- 
nected to the 60 cy/sec line; the other, 
to a variable-frequency power supply. 
If the variable frequency is 60 cy/sec, 
the output shaft is stationary and op- 
poses rotation with full motor torque. 
An increase or decrease of the variable 
frequency causes rotation forward or 
teverse. Motors can be supplied from 
1/50 to 1 hp. (Genisco Inc., Dept. 
Sci725, 2233 Federal Ave., Los Angeles 
64, Calif.) 
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™ MAGNETIC TAPE PLOTTING SYSTEM 
permits plotting of digital computer re- 
sults in continuous curve form on an 
X-Y recorder. The system includes a 
tape transport, a digital magnetic tape 
translator, a tape-control unit, ampli- 
fiers, and an X-Y recorder. The trans- 
lator permits continuous plotting up to 
4 in./sec of curve generated by a com- 
puter interpolating routine at informa- 
tion change rate of 100/sec. Point plot- 
ting at 100 points/min speed at %-in. 
spacing is also provided. Accuracy is 
said to be better than + 0.1 percent of 
full scale. (F. L. Moseley Co., Dept. 


Sci715, 409 N. Fair Oaks Ave., Pasa- 


dena, Calif.) 


™ FREEZE-DRYING SYSTEM features con- 
densing coils built into the vacuum dry- 
ing chamber. Samples are frozen and 
dried in the same vacuum chamber. 
Forty pounds of product load or up to 
1300 10-ml vials can be _ processed 
simultaneously. Cabinet is on casters for 
easy moving. (RePP Industries, Inc., 
Dept. Sci716, Gardiner, N.Y.) 


™ INTERCHANGEABLE OPTICAL SYSTEM 
for the manufacturer’s 1R-7 prism- 


grating infrared spectrophotometer ex- | 


tends the range of the instrument to the 
200 to 700 wavemembers region. This 
extension of range is accomplished by 
equipping the interchange with a 
cesium-iodide prism and a 30-u blaze, 
30-line/mm, long-wavelength grating. 
The prism, grating, associated drive 
mechanisms, slit-program potentiom- 











eter, and frequency readout are mount- | 


ed together on a casting that duplicates 
mechanically the original equipment. 
Replacement requires 2 or 3 minutes. 
(Beckman Instruments, Inc., Dept. 
Sci717, 2500 Fullerton Rd., Fullerton, 
Calif.) 


™ SIGNAL GENERATOR generates wave 


shapes necessary for frequency and 
transient response tests of servo com- 
ponents and systems. These include 
forcing voltages for the servo and ac- 
cessory wave shapes for cathode-ray 
oscilloscope display. Data frequency is 
covered in the ranges 0.01 to 1 and 0.5 
to 30 cy/sec. Carrier frequencies from 
60 to 2500 cy/sec are accommodated. 
(Industrial Control Co., Dept. Sci718, 
Central Ave. at Pinelawn, Farmingdale, 
N.Y.) 


™ MONOCHROMATOR Of large aperture, 
manufactured by Hilger & Watts, Inc., 
has available a range of interchangeable 
prism systems that cover the ultraviolet, 
visible, and infrared regions of the spec- 
trum. The base is designed for use as a 
table model or for fitting to an acces- 
sory bar. Two instruments can be 
mounted together to function as a 
double monochromator. (Engis Equip- 
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GRAPHIC RECORDER 


-Offers exceptional 
Sensitivity, speed, 
and accuracy... 


as low as $320” 


(Model JY-100) 


Here is a superior quality recording 
potentiometer, engineered for modern 
laboratories, and offering these advan- 
tages—all standard: 


Fast balance time—only 14 second. 
High accuracy—14% of span. 

Span: 10 mv (Model JY-100); 10 mv to 
100 V, with 10-step attenuator (Model 
JY-110) 

5” chart width 

Hum suppressor minimizes stray 60- 
cycle pickup. 

Chopper stabilized—no zero-drift prob- 
lems. 

Floating high-impedance input — with 
separate chassis ground. 

Many other quality features. Write for 
complete data. 











ment Co., Dept. Sci724, 431 S. Dear- 
born St., Chicago 5, Il.) 


™ DIGITAL VOLTMETER converts an un- 
known input voltage into decimal num- 
ber indication with accuracy said to be 
+0.5 percent of full scale and full-scale 
response time 1/24 second. Both digital 
and quasi-digital indications are obtain- 
able; in the latter the numbers move by 
the indicator window without framing. 
Input impedance is one megohm on all 
of three available ranges: 0 to 2.5, 
0 to 25, and 0 to 250 volts. Ranges of 
0 to 0.25 and 0 to 2500 volts are also 
available. Size is 634 by 4% by 9 in. 
(Electro-Logic Corp., Dept. Sci726, 
515 Boccaccio Ave., Venice, Calif.) 


™ PHOTOGRAPHIC RECORDER uses 16-mm 
film to record up to 16 channels of 
information. From 4 to 32 hours of 
data can be recorded on 200-ft reels 
at speeds of 3 to 20 cm/min. The film 
is automatically developed within the 
recorder and can be viewed magnified 
ten times on the instrument’s screen 
within 10 minutes. Date, time, and 
film number are printed on the film 
during recording. Trace width is 0.05 
mm. With galvanometers, frequency 
response is d-c to 20 cy/sec or up to 
150 cy/sec on special order. With a 
cathode-ray tube, d-c to 15 kcy/sec 
can be recorded. (The Geotechnical 
Corporation, Dept. Sci728, 3401 Shiloh 
Rd., Garland, Tex.) 








Neatest little test tube rack 


you’ve ever seen! 


Nalgene laboratory plastic 
.. unbreakable, acid-proof, 
outlasts metal or wood! 
Here is the unique new test tube rack, 


of Italian design, that outlasts them 
all. It’s the only holder that lets you see 





New lightweight Nalgene plastic 
test tube rack stands free, or in 
2-unit or 4-unit plastic base. 


the contents of each tube from top to bottom. Plastic fingers 
hold tubes securely; unit fits shaking machines. Nalgene 
plastic throughout—chemically inert, easy to clean, 
immersible in water baths, withstands 120° C. Try a few in 


your lab. You’ll like them. 


WRITE for Catalog Sheet N-11, Dept.158. 


THE NALGE CO. INC. rocuester 2, New york 
Today’s Most Complete Line of Plastic Laboratory Ware 
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™ SURGICAL SCINTILLATION DETECTOR 
consists of a basic detector, a selection 
of probes with crystals, and a tungsten- 
alloy collimator shield. The detector 
housing is | in. in diameter by 9% in. 
long. It contains a multiplier phototube 
and a transistorized preamplifier. Three 
beta-gamma sensitive needle probes and 
a manual scanning probe are furnished. 
The needle probes are: 2 mm in dia- 
meter by 10 cm long, 3 mm by 10 cm, 
and 6 mm by 15 cm. Each consists of 
a thallium activated cesium iodide 
crystal and a light pipe. The probes 
are sensitive only at the ends. An aural 
ratemeter indicating by change of pitch 
is available for use with the detector. 
(Nuclear Chicago Corp., Dept. Sci730, 
333 East Howard Ave., Des Plaines, 
Ill.) 


™@ MATERIALS TEST SYSTEM is capable 
of simultaneously programing and 
applying rapid variations of tempera- 
ture, load, and strain while recording 
each with respect to time as well as 
load versus strain. Applied force is 
continuously variable from —10,000 to 
+10,000 lb at rates up to 5000 Ib/sec. 
Ram velocity is controllable from 0 to 
1 in./sec throughout an 8-in. stroke. 
Two function generators are provided 
for translating pencil-drawn program 
charts into operating control signals. 


| Program duration is adjustable between 


10 and 300 seconds. (Research Inc., 


| Dept. Sci731, P.O. Box 6164, Edine 


Station, Minneapolis 24, Minn.) 


@ ARC-RESISTANCE TESTER provides 15 
kv at 60 ma a-c for testing the ability 
of solid insulating materials to resist 
the action of an arc according to 
ASTM specification D-495. Voltage is 
continuously variable from zero. An 
electrode assembly, specimen holder, 
and a jig for sharpening electrodes are 
included. An interval timer with man- 
ual reset measures arc application time 
to the nearest 0.1 second. (Associated 
Research Inc., Dept. Sci733, 3727 W. 
Belmont Ave., Chicago 18, IIl.) 


| ™ MAGNETIC-TAPE RECORDING SYSTEM 
| is capable of recording two channels 
| of wide-band information over the fre- 


quency spectrum from 10 cy to 4 
Mcy/sec with amplitude response flat 


| to +3 db, and two auxiliary channeis 


| of tape dimensions. 


with frequency response 200 cy to 15 
kcy/sec. Tape used is 2-in. wide, 1.0 
mil, Mylar. A rotating magnetic head 
that records in a transverse fashion pro- 
vides a head-to-tape speed of 1,300 
in./sec with tape speed of 12.5 to 25 
in./sec. Tracks are 0.010 in. wide and 
0.015 in. on centers. The recording 
assembly is maintained at an operating 
temperature of 60°C to ensure stability 
(Ampex Data 
Products Co., Dept. Sci736, Box 5000, 
Redwood City, Calif.) 
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NOW! TWO MODELS 


For research and routine 
procedures the most precise 
instrument for all fluoro- 
metric methods of analysis 
is now available in two 
models: with transformer 
for line operation or 

battery power supply. 
Either model provides 
precise, reliable measure- 
ments Over a wide range of 
sensitivities. Ideal for 
extremely low concentrations 
in micro or macro volumes. 









act 















Line operated Photo-Electric 


FLUOROMETER 


Bulletin No. 803S FARRAND OPTICAL 8) @ Se i [om 


BRONX BLVD. AND EAST 238th STREET e NEW YORK 70, N 





Engineering, Research, Development, Design and Manufacture of Precision Optics, Electronic and Scientific instrument 











@ a NEW book 


@ outline guide 
to the history of biology 


HISTORY OF LIFE SCIENCE 


(Outlines and References) 





Ad 


england 
nuclear 










Eldon J. Gardner 
Utah State University 


NEC-160 


CITRIC-1, 5-C* ACID 


Brief outlines present in logical se- 
quence the main themes in the his- 
tory of biology, establish continu- 
ity, encourage and direct the stu- 
dent toward further reading in 
specific areas. Designed for a one 
quarter or one semester course in 
the history and literature of biol- 
ogy, the book serves as a frame- 
work and guide for building back- 
ground study. Available Septem- 
ber. Illustrated, $4.75. 


$62.50 per 100 microcuries 


order from 


G 
CATALOG ON REQUEST BURGESS Publishing Co. 


426 South Sixth Street 
new england fuclear) corp. 


Minneapolis 15, Minnesota 
26 AUGUST 1960 571 


write for folder on our science books 
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UNITRON stereo microscopes 
sessessessseeeeeS LOW AS $110 








Both models offer... sharp clear erect image + large depth 
of focus » wide field « long working distance + interpupillary 
and diopter adjustments + rack and pinion focusing « coated optics 


MSL — a precision, 
budget priced  instru- 
ment. Vertical binocular 
body. Choice of single 
magnification from 5X to 
45X. Extra eyepieces for 


ene 
4 


fat 


MSHL - ‘ versatile 


general purpose instru- 
ment with a wide range 
of magnifications. In- 
clined binocular body, re- 
volving .nosepiece _ for 
rapid interchange of ob- 






additional powers, 
$110 


$19.50 per pair. 

AVAILABLE FOR FREE AEGESSORY, STAND — For use 
with binocular head and focusing 

10-DAY TRIAL... WRITE mechanism of either Model MSL 

FOR FREE CATALOG 4F-4 or MSHL. Price (stand only), $75. 


jectives. Model MSHL-1 
with objectives: 1X, 2X, 
3X; eyepieces: 8X, 12X, 
15X; magnification range: 
8X-45X. Other magnifi- 


cation ranges $267 


available. 





INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204-206 MILK STREET + BOSTON 9, MASSACHUSETTS 























RAPID & ACCURATE 
pH CO, O, 
in blood and other biological samples 


* COs tension in whole blood in 3 minutes ac- 
curate to nearest mm of Hg 


COz and Os tension directly in mm of Hg 


pH sensitive and readable without interpola- 
tion to nearest 0.001 PH unit 
zero drift chopper-amplifier 
standard cell reference 


circuitry with 


* can also measure COs and Os in gas samples 


BLOOD PARAMETER ANALYZER 
MODEL A 


RISEMAN DEVELOPMENT LABORATORY 
18 MOUNT AUBURN STREET CAMBRIDGE 38, MASS. 
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IF IT HAS AN END-POINT ... date 
® ing 

the ped 

Will Find It Quickly, Accurate and Automatically! Inc! 

SET ADJUSTABLE POINTER WHEN TIMER STOPS har 
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@ Electrodes interchangeable in easily removed assembly. TER 

® Instrument used in comfortable sitting position. qui 

® Nomograph gives chloride concentration without calculating. ran 
®@ Immediate delivery from stock. is | 

® ACCURACY: + .5%, better than + .1% under optimal conditions. —4 

®@ SENSITIVITY: 0.25 microequivalent. 

@ SAMPLE SIZE: 0.01 ml or more | PRICE: Complete ready for opera- ove 
of serum with + .5% accuracy, tion $498. The 
smaller amount with diminish- me! 
ing accuracy. less 

For Specifications and Details, Request Bulletin 4-2900 De} 

Laboratory Apparatus 
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Here’s your guide to scintillation | ;.; 
« . ] cas 
grade fluors and plastic scintillators | ou 
: : strt 
For ten years Pilot Chemicals has been producing high quality Bly 
fluors and plastic scintillators. 
Pilot fluors are the purest available, with maximum light output 
and high melting point. Pilot plastic scintillators feature highest aT 
light output and shortest decay time. anc 
We'd like to send you our Bulletin 591-S, listing our complete ed 
line of fluors and describing our plastic scintillators. (Only Pilot 
makes both!) What's more, we’ll gladly send you a sample of Spo 
PPO, PBD, or POPOP on request for your own test purposes. ten 
Just write 
. ran 
OXO4P CHEMICALS, INC.,36 Pleasant St., Watertown 72, Mass. | Sci 
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™ SYNCHRO TEST FIXTURES accommo- 
date size-5 to size-19 synchros for test- 
ing transformation ratio, phase shift, im- 
pedance, input current, and input power. 
Included are holding clamps, mounting 
hardware, and clamp wrench. (Angler 
Industries, Dept. Sci719, 3 Lexington 
Drive, Metuchen, N.J.) 


® EXPANDABLE WORK BASE for tensile- 
testing machine increases by a factor of 
approximately three the work area 
available for setting up tests that require 
bulky gripping devices and instrument 
accessories. The work base is portable 
and is said to be easy to install. (W. C. 
Dillon & Co., Dept. Sci721, 14620 Kes- 
wick St., Van Nuys, Calif.) 


™ PLATINUM RESISTANCE THERMOME- 
TER is designed for measurements at li- 
quid-hydrogen temperature. Operating 
range is —435° to —400°F. Accuracy 
is said to be +0.1°F. Resistance at 
—435°F is 19.8 ohms; resistance change 
over the operating range is 27.6 ohms. 
Thermal time constant for measure- 
ments of liquid hydrogen is said to be 
less than 200 psec. (Transonics, Inc., 
Dept. Sci723, Burlington, Mass.) 


@ DECIMAL-BINARY SWITCHES that con- 
vert decimal constants to a positional 
number code are available keyed to 
various binary code combinations, for 
example, straight binary, excess 3, 2-4- 
21, or gray. Selectors are available with 
eight or ten detented positions. Mount- 
ing area is 1.3 in.” Rating is 0.5 amp 
inclusive, 1 amp resistive at 30 volts 
d-c. (Minneapolis-Honeywell Regulator 
Co., Dept. Sci727, Freeport, Ill.) 


™ MICROTOME KNIFE SHARPENER will 
accommodate any microtome knife up 
to and including 185 mm. The sharpen- 
ing process is automatic, the operator 
being required to insert the knife into 
a holder and to apply honing compound 
to a vibrating glass hone plate. An elec- 
tric timer is set to stop the operation. 
Subsequent hand stropping is said to 
be unnecessary. (American Optical 
Co., Dept. Sci729, Buffalo 15, N.Y.) 


=" MINIATURE PRINTER operates at 
speeds of more than 30 characters per 
second. The device is 914 in. long and 
fis into a standard 3-in. instrument 
case with self-contained paper supply. 
Output is a 5/16-in. tape. (Potter In- 
strument Co., Dept. Sci732, Sunnyside 
Blvd., Plainview, N.Y.) 


® TEFLON BOTTLES available in 1-, 2-, 
and 6-liter sizes are of one-piece, mold- 
ed construction. Stoppers and pouring 
spouts are also of Teflon and are fas- 
tened by a stainless-steel screw-lock ar- 
rangement. (Chemplast Inc., Dept. 
Sci742, 3 Central Ave., East Newark, 
N.J.) 
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™ HANDLING DEVICE for very small ob- 
jects operates on compressed gas at 
pressures of 1 to 2 Ib/in.* Flow of the 
gas in the pencil-shaped device produces 
a reduced pressure at the unsharpened 
end of a standard hypodermic needle 
of diameter appropriate to the size of 
particle to be held. To release the held 
particle, the operator stops an orifice 
with his finger, thereby creating a high- 
er pressure that repels the particle. 
(Penfield Manufacturing Co., Dept. 
Sci734, 19 High School Ave., Meriden, 
Conn.) 


@ LABORATORY HOMOGENIZER is said 
to be capable of processing samples as 
small as 1 0z with results equal to the 
quality obtainable with production ho- 
mogenizers. Up to 8 gal/hr may be 
processed. All contact parts are 18-8 
stainless steel. Thermostatically con- 
trolled heater is an optional accessory. 
(C. W. Logeman Co., Dept Sci740, 
633 Bergen St., Brooklyn, N.Y.) 


@ EVAPORATOR UNIT for concentration 


of radioactive samples is said to in- | 


corporate a technique that inhibits dep- 
osition of material on any but the col- 
lector surface. Liquid capacity is 1000 
ml. Two to three hours are required 
to concentrate 90 percent of all radioac- 
tive materials on a 2-in. planchet, with 
area of deposition variable between 
Y% and 2 in. Heating unit is self-con- 
tained. (Nuclear Corporation of Amer- 
ica, Dept. Sci743, Denville, N.J.) 


™ HIGH-VACUUM STOPCOCK with Teflon 
plug uses O-rings to provide vacuum 
seals. The seals are designed to prevent 
leaks from one side arm to the other 
as well as at each end of the borosili- 
cate glass barrel. Single or double 
oblique bores are available. (Scientific 
Glass Apparatus Co., Dept. Sci744, 
Bloomfield, N.J.) 


™ BALANCE available in capacities of 
1000, 2000, and 4000 gm, is said to 
indicate correctly in spite of off-level 
conditions. No addition of weights is 
required within the range of indica- 
tion. Removal of a substitution weight 
extends the range. The balance is mag- 
netically damped. (August Sauter of 
New York, Inc., Dept. Sci746, 866 
Willis Ave., Albertson, N.Y.) 


™ DEAD-WEIGHT GAGE is operated with 
water. Weights are supported on a tube, 
the upper end of which is supported by 
a platform operated by the piston. A 
mechanical stop prevents disengage- 
ment. Accuracy of +1/20 percent is 
said to be standard and +1/30 to be 
obtainable by selection. Construction 
material is 416 stainless steel.( Mans- 
field and Green, Inc., Dept. Sci763, 
1051 Power Avenue, Cleveland 14, 
Ohio) 
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E very Laboratory Conductivity 
Cell now a certified cell at no 
extra cost! 


You can now obtain from 
Industrial Instruments a dip type 
glass and platinum electrolytic 
conductivity cell in any cell con- 
stant from 1/100 to 100 with 
certified accuracy within +1% 
of nominal value. 


Write for a complete catalog of 
conductivity cells and measuring 
instruments and equipment. 


Industrial 
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B VAPOR DETECTOR for acetone, alcohol, 
and hydrocarbons is said to detect con- 
centrations in the parts-per-billion 
range. The detector utilizes the flame 
ionization principle, measuring electron 
concentrations resulting from the in- 
troduction of the vapor into a pure 
hydrogen flame. Response is said to 
be linear up to concentrations of 2 per- 
cent. The instrument is portable, operat- 
ing from _ self-contained batteries. 
(Carad Corp., Dept. Sci735, Redwood 
City, Calif.) 


™ PNEUMATIC SIGNAL CONVERTER re- 
ceives any standard square-root or 
other pneumatic signal in the range 3 
to 15 lb/in.” gage, and uses this signal 
to position a cam. A pneumatic tracing 


device senses the profile of the cam and, 
through a relay, transmits a converted 
pneumatic signal corresponding to the 
cam. Sensitivity is said to be better than 
0.2 percent, accuracy + 1 percent of 
full scale or better, and speed of re- 
sponse less than 0.5 second for full 
scale. (Brooks Rotameter Co., Dept. 
Sci739, P.O. Box 432, Lansdale, Pa.) 


™ LOADING REACTOR is designed to pro- 
vide a convenient inductive load that 
can be made adjustable by using it with 
a variable transformer. It consists of 
a gapped, strip-wound,  toroid-core 
wire wound and embedded in epoxy 
compound. Ratings are: 120 volts, 60 
cy/sec, 2 amp continuous, 3 amp inter- 
mittent, inductive reactance 60 ohms, 
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resistance 4 ohms, inductance, 0.16 hy. 
(Superior Electric Co., Dept. Sci737, 
83 Laurel St., Bristol, Conn.) 


™ TEMPERATURE CONTROLLER uses a 
servo null-balance system to indicate 
controlled temperature on a 10-in. scale. 
Time-proportioning or on-off control, 
with or without anticipation, is avail- 
able. Control stability of the propor- 
tioning model with anticipation is said 
to be +0.1°F and indication accuracy 
+0.5 percent of full scale. Alarm con- 
tacts can be included. (Electronic Proc- 
esses Corp. of California, Dept. Sci748, 
436 Bryant St., San Francisco, Calif.) 


™ SWITCH CIRCUIT ASSEMBLY for ap- 
plication to digital systems produces a 
single square-wave output pulse, syn- 
chronized with an external clock pulse, 
in response to each operation of the 
push button. Clock pulse frequency 
can be 4 to 500 kcy/sec. The transistor 
electronic circuit used is an _ integral 
part of the switch with all components 
sealed in a resilient potting material. 
(Minneapolis-Honeywell Regulator Co., 
Dept. Sci749, Freeport, Ill.) 


® TELEMETRY DISCRIMINATOR uses the 
phase-lock technique to obtain good 
selectivity on each of 23 standard tele- 
metry channels. Sensitivity is 10 mv 
r.m.s. to 14.5 Key/sec and 70 mv r.m.s. 
at 70 Kcy/sec. Stability is said to be 
+0.5 percent of bandwidth and linear- 
ity 0.1 percent. Output is +90 volts at 
+25 ma. Trimming potentiometers on 
the front panel are used to adjust fre- 
quency range of each channel. Controls 
include output gain, output zero, and 
bandwidth. (Hallamore Electronics Co., 
Dept. Sci758, 714 N. Brookhurst St., 
Anaheim, Calif.) 


® DIFFERENTIAL AMPLIFIER features in- 
put resistance greater than 500 meg- 
ohms, voltage gain from 2 to 50, and 
linearity +0.05 percent. A mechanical 
chopper and silicon-transistor carrier 
amplifier are used. Output voltage 
range is +5 volts. Power. consumption 
is 140 ma at 28 volts unregulated. 
(Dynamics Instrumentation Co., Dept. 
Sci759, 583 Monterey Pass Rd., Mon- 
terey, Calif.) 


® PHOTOCONDUCTIVE CELLS have power 
rating of 0.5 watt when used with heat 
sink and 0.25 watt without heat sink. 
The type 504 is a cadmium selenide 
cell with relatively high speed of re- 
sponse; the type 505 is a cadmium sul- 
fide cell. Nominal resistances at a color 
temperature of 2870 and 2 ft-ca are 
1500 and 5000 ohms, respectively. Peak 
spectral responses are 5500 and 6900 
respectively. Dimensions are % in. in 
diameter by % in. long. (Clairex 
Corp., Dept. Sci761, 19 W. 26 St. 
New York, N.Y.) 
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SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 














Klett Manufacturing Co. 
179 East 87 Street, New York, New York 





























This apparatus is used to reduce tissue sections to 
ash without disturbing the exact topographical 
arrangement of the residue. Micro-Incineration 
gives information as to the location and amount 
of the total minerals in cells and tissues which has 
been lacking in other histochemical procedures. 
Reference—American Journal of Anatomy, Vol. 
53, 1933, page 243. 


CAT. No. 9-96 


PHIPPS & BIRD, ine. 


Manufacturers & Distributors of Scientific Ceatpinene 
6th & Byrd Streets - Richmond, Va. 
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SIGMA 


announces 


AEROSOLS 


for 
IDENTIFICATION of CHROMATOGRAMS 
As we are planning an extensive line 
of 
special-purpose sprays, 
we invite your suggestions. 


The following aerosols are already available to 
help you identify spots on your paper chromatograms: 


or a Name Application 
NIN-3 8 oz. can NINHYDRIN a-amine acids & 
amines 
ISA-2 8 oz. can ISATIN Proline, Phenylalanine 
derivatives, & Sulfur- 
amino acids 
BCG-04 8 oz. can BROM CRESOL Acidic & Alkaline com- 
GREEN pounds 
TTZ-1 6 oz. bot. TRIPHENYL Steroids containing re- 
TETRAZOLIUM ducing groups 
ADA-2 6 oz. bot. ANILINE Carbohydrates 
DEPHENYLAMINE 
PRO 8 oz. can PROTECTIVE Chromatogram paper 
LACQUER & misc. labels 


To preserve chromatograms sprayed with NINHYDRIN, Zweig 
recommends treatment with the following (ref. Zweig, G., 


Anal. Chem. 28, 428, 1956): 

NFX 6 oz. bot. NINHYDRIN For Ninhydrin 
FIXER 

NTL 6 oz. bot. NINHYDRIN Chromatogram 
NEUTRALIZER 

PRO 8 oz. can PROTECTIVE Preservation 
LACQUER 

Prices: 

Carton of 3 aerosols of 1 item ......... $ 7.50 P.P. prepaid 

Carton of 6 aerosols of 1 item ......... $14.50 P.P. prepaid 

Carton of 1 ceresols.... occ ccccecceccae $ 2.95 P.P. prepaid 

Carton of 3 aerosols, one each 

NFX, NTL and PRO ........ $ 7.50 P.P. prepaid 


CALL US COLLECT, JUST TO GET ACQUAINTED 


Day, Station to Station, 
PRospect 1-5750 


Night, Person to Person, a8 
Dan Broida, WYdown 3-6418 


The Research Laboratories of 


. SIGMA 


SCHEMICAL COMPANY: 











$3500 DEKALB ST., ST. LOUIS 18, MO., U. S.A. 
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PUREST 
DISTILLED WATER 





FROM THE 
BARNSTEAD STILL 
YOU NEVER NEED CLEAN 


Barnstead Steam Heated Stills with Feedback 
Purifier produce distilled water of from 800,000 
to 2,000,000 ohms electrical resistance with total 
solids not exceeding .02 to .05 parts per million. 
Maintenance and upkeep completely eliminated. 


FULL AUTOMATIC CONTROLS 


Provide full automatic operation with continu- 
ous supply of freshly distilled water ... no atten- 
tion needed , . . Still is self-starting, self-flushing 
and self-stopping. 


ULTRA VIOLET TANK 
WITH VENTGARD 


Storage tank equipped with Ventgard which 
prevents airborne contamination from entering 
tank as water is drawn off, Ultra Violet light 
not only keeps bacteria from forming but also 
kills any bacteria present. 


PUROMATIC CONTROLLER 


Samples distilled water being produced and di- 
verts to waste water of substandard purity and 
continues to do so until condition has been 
rectified. 


TIN LINED PIPING 


Complete line of Tin Lined Piping, Fittings and 
Valves for distilled water distribution systems, 
maintaining purity to point of use. 


NEW CATALOGS 


Write for Catalog “G’’ describing Barnstead’s 
complete line of Water Stills, and Catalog #160 
on Barnstead Demineralizers. 


Warnstead 


STILL AND STERILIZER CO. 
49 Lanesville Terrace, Boston 31, Mass. 


BOSTON NEW YORK CLEVELAND 
JAmaica Kingsbridge ACademy 
2-8490 8- 6-6622 
CHICAGO PHILADELPHIA WASHINGTON, D.C. 
ROgers Park BRoadway District 
1-6173 6 7-1142 
LOS ANGELES SAN FRANCISCO DETROIT 
RYan = —e 
1-6663 2-5391 7422 
576 


AUTOMATICALLY | 


| ™ SCHERING BRIDGE manufactured by 
Hartmann and Braun in Germany 
measures dielectric loss factor and 
| capacitance of grounded or ungrounded 
| test objects at high and low voltage 
and dielectric constant of solid and 
liquid insulating materials. The test 
object is compared with a loss-free 
standard capacitor by means of an a-c 
bridge. Measuring range for capacitance 


is 3 pf to 10“f and for loss factor 
2 xX 10° to 1.111. Loss-free com- 
pressed-gas reference capacitors are 


supplied. (Epic Inc., Dept. Sci738, 150 
Nassau St., New York 35, N.Y.) 


™® AUTOMATIC SAMPLE CHANGER is de- 
signed to handle up to 200 samples for 
radioactivity measurements. Models are 
available for gas-flow or scintillation 
| counting or for both. A feature of the 
instrument in an automatic reverting 
circuit that avoids excessive time for 
counting low activities. Samples of nor- 
mal activity are timed for full pre- 
set count; low-count samples are timed 
for a small fraction of the preset count 
and this reversion is recorded and iden- 
| tified on the output tape. (Technical 
Associates, Dept. Sci741, 140 W. Prov- 
idencia Ave., Burbank, Calif.) 





™ REFERENCE RADIOGRAPHS for inspec- 
tion of aluminum and magnesium cast- 
ings include 13 covering discontinui- 
ties in aluminum alloy castings and 
| 12 for magnesium alloy castings. Each 

radiograph illustrates eight grades of 
severity for a particular discontinuity. 
Illustratea are gas holes, segregation, 
microshrinkage (both sponge and feath- 
er), and foreign matter. Each stand- 
ard is held in an 8% by 11 in. card- 
board frame. (American Society for 
Testing Materials, Dept. Sci747, 1916 
Race St., Philadelphia 3, Pa.) 


| 
| 
| 
| 
| 


| ™ TEMPERATURE INDICATING LABELS pro- 
vide a change from pastel to black to 
give an irreversible record of exposure 
to heat. The labels are available in 
50°F steps. From 100° to 500°F they 
are offered in plastic casing and from 
500° to 1100°F on stainless-steel foil. 
Both types are self-adhesive and are 
said to adhere until intentionally re- 
moved. (Pyrodyne, Inc., Dept. Sci751, 
c/o William Wahi Corp., 11973 San 
Vincente Blvd., Los Angeles 49, Calif.) 


™ RELAY TESTER measures pull-in and 
drop-out voltage and current simulta- 
neously. Coil voltage is continuously 
variable. Automatic driving circuitry 
provides three repetition rates. Contact 
resistance and coil resistance are meas- 
ured by a built-in ohmmeter. Connec- 
tions are provided for oscilloscope dis- 
display. (Anaheim Electronics Division 
of Electronic Engineering Co., Dept. 
Sci755, 1601 Chestnut Ave., Santa Ana, 
Calif.) 








™ INFRARED SPECTROPHOTOMETER Uses 
a prism-grating monochromator and a 
ratio recording system in a_ two-fre- 
quency, dual-beam system with beam 
chopping ahead of the sample. Cell 
space is over 10 in. long. Manufac- 
turer’s specifications include the follow- 
ing: wave-member accuracy +0.5 cm”; 
wave-member reproducibility +0.1 cm”; 
photometric accuracy +0.1 percent; res- 
olution 0.3 cm” or better. Range is 
4000 to 450 cm™ by use of KBr prism 
and windows. Photometric scales of 0 
to 1, 0.5 to 1.5 absorbance, and 0 to 
100 percent transmittance are provided, 
as well as a compound scale and ex- 
panded scales. Spectra from 18 in. to 
150 ft in full-span length are recorded 
without gaps at order-change points, 
(Applied Physics Corp., Dept. Sci765, 
2724 S. Pack Rd., Monrovia, Calif.) 


® CAPACITANCE INDICATOR uses a CTYS- 
tal-controlled oscillator to furnish 1.6 
Mcy/sec excitation to two matched, 
tuned circuits. One, the measuring cir- 
cuit, contains the capacitance bein 
measured; the other is a reference cir- 
cuit. Ranges are 0 to 200 pf on narrow 
span setting and 0 to 2800 pf on wide 
span. Corresponding sensitivities are 
0.01 and 0.19 pf, respectively. Cali- 
brated accuracy is said to be +2.0 per- 
cent. A +10-volt variation of input 
voltage produces a +50°F +10 percent 
zero shift. The instrument is portable, 
measuring 11 by 12 by 6 in. and 
weighing 19 Ib. (Foxboro Co., Dept. 
Sci764, Foxboro, Mass.) 


® ROBOT CHEMIST is a modularized sys; 
tem for automatic chemical analysis. 
The operator is required only to loa 
samples in a storage rack that hi 
up to 100 samples. An index hea 
performs a sequence of operations of 
types depending on special-purpose sub 
assemblies and determined by program 
mer settings. Operations include pi 
petting aliquots of sample, adding meas; 











ured amount of reagent, mixing, dis; 
carding sample, rinsing and drainin 
container, rinsing and draining pipette 
Samples are maintained at constan 
temperature through operations. 

automatic centrifuge loads, spins an 
unloads 12 samples in each cycle. Oper, 
ating sequence is varied by age 
switches. Examples of analyses per 
formed include amino acid chromatog 
raphy, blood sugar by glucose oxidase 


method, serum lactic acid by dehydro mm 


genese method. The system is compat; 
ible with standard laboratory colorim- 
eters, spectrophotometers, 
counters, pH meters, and so forth, (Re 
search Specialties Co., Dept. Sci767; 
200 S. Garrars Blvd., Richmond, 
Calif.) 
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JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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2 USES 
and a 
/o-fre- 
vem! | Need extra help? 
’ a 
Cell TECHNICAL/SCIENTIFIC MANAGER 
nufac- rel 
ollow- It’s easy when you put Isotopes Specialties to Because of growing emphasis on manufac- 
> om"! work for you. They can support your research and turing research and development, a new 
1 cm=: development efforts in two major categories: scientific department is being formed by our 
it; res- company. We are seeking a technical/sci- 
nge is entific manager for this new function. 
: 1. Health Protection 
ae This man must have a Ph.D. in engineering 
10@ | or physical science, a broad background in 
iad applied industrial research, and be cur- 
4a FILM BADGE DISPOSAL OF CONSULTATION rently managing such an activity. 
ne Che SERVICE RADIOACTIVE WASTE WORK z , 
in. to Experience should include the processing 
corded of ceramics and plastics, new welding and 
points, machining processes of superalloys and re- 
3ci7 65, 2. Research Services fractory metals, and physics of neutron 
Calif.) absorption, shielding, radioisotopes, and 
| \ molecular structure. 
a CIYS- Thi ree ith f ‘ | 
sh 1.6 ANIMAL LABELED RADIATION SOURCES + Ce ee Cy ee 
atched. IRRADIATION © COMPOUNDS AND ACCESSORIES prominence, headquartered in Southern 
ng cit- California. Generous relocation allowance, 
being . plus full personal and professional benefits 
on a Write now — to the man selected. 
artou and learn more about Isotopes Specialties’ 
o will complete service offered in the field of nuclear Initial inquiry should provide detailed information 
< Ask for Catal #625. Dept S-1 concerning your education and experience, and 
es are sciences. Ask Tor Catalog , Vept o-1. state salary requirements. Every inquiry will be 
r, Cali acknowledged and early interviews can be ar- 
d. 
°c} (= ISOTORES § i 
; ino (ugg) T PECIALTIES COMPANY Box 173, SCIENCE 
wv: Nuclear Corporation of America 
percent! . CALIFORNIA : 
ortable, 
n. and 
zed sys: shes 
mnalysis} | CLASSIFIED: Positions Wanted, 25¢ per | | ill] POSITIONS OPEN |i | {Will POSTTIONS OPEN |i 
to load word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
t hold rovment in gee is seedired. — BIOCHEMIST 
tons pen, er n r - 
Xx ~ des No charge fer box amnion. " Perience “In Biochemistry, with a knowledge 
j or classifie ads ust reac A 
mess SCIENCE 2 weeks before date of issue BIOLOGIST dentey. hota a 
ose sub (Friday of every week). Johnson & Johnson 
rogram sear eras ‘he Wie Wee ce B.S. or M.S. Industrial Toxicology Laboratory. Research Center 
i he Perform and supervise performance of acute Py 
ude PI aiicaay aaa cae = and chronic oral toxicity tests and reproduc- New Brunswick, New Jersey 
Single insertion $40.00 per inch tion studies. Previous experience in this area 
4 times in 1 year 38.00 ped inch desirable. Experience in general handling 
7 ti in 1 36.00 inch and experimental use of small animals nec- 
13 sleiee in 1 Lavan 34.00 pend inch essary. Ability to perform routine statistical MEDICAL WRITER 
26 times in 1 year 34.00 per inch analysis of data necessary. Salary commensu- Opportunity available for young physician in 
52 times in 1 year 32.00 per inch ‘ Please physical service department of medical divi- 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 












































rate with training and experience. 
address replys to Mr. 


American Cynamid Company 
1937 West Main Street 
Stanford, Conn. 





Charles R. Young, 





sion. Should have ability and interest in med- 
ical writing. Clinical or laboratory experience 
desirable. Please send résumé to Technical 
Employment Coordinator, Upjohn Company, 
Kalamazoo, Michigan 

















(a) Pharmacologist; young M.D., Ph.D. trained 
in neurophysiology or neuropharmacology; as- 
sistant professorial caliber; must be capable in- 


























































. investigation; staff Sg new 
oxidase} __ aa ti university matics phew RS at South. (b) 
Bacteriologist and (c) Bioche .S. or equiv- 

Jehydro- HA POSITIONS WANTED HM Representative Wanted in your territory. From alent training; experienced administrative, — 
COMPH| Micreblologist. Ph.D. (in Turkey), 4 years’ ex- | Jour Youre, Only written, contacts ‘with your | charger perticipate ia teaching in aporoved medi. 
colorim- Eiperience with microblopopicsl. matte 2 vees vHents! Write for ‘particulars and further details cal echnolosy school; approved 250-bed general 
radiation chemistry field (postdoctoral fellowship in Amer- Kuhns). ; Vienm 6 SEE 12k Asotin” — a i ae cea Be Be an 
rth (Re: ia); oan es ia —- 1 SCIENCE : 8/26; "9/30; 10/28; 11/24; 12/30 oratories; responsibilities in toxicology, _bio- 
Sci767, aarti Means oe CIENCE research, ioe oy to _— 
(e) Organic hemist; excellent opportunity for 

chmond, (a) Physiology, recent Ph.D., human anatomy, Senior Research Scientist (biochemistry). Ph.D. young Ph.D. to head newly established branch; 
zoology minors; prefers research in res iratory- to do research in the neuroendocrine research develop basic research program in field of poly- 

metabolic physiology or teaching position. (b) unit of Willowbrook State School. Experience in amino acids; superb facilities; government lab- 
Entomology Ph.D., parasitology minor; one year metebalte techniques desirable. Starting salary, oratory affiliated prominent university in Mid- 

A STERN medical student; available for academic or com- $865 2. Submit application and résumé to Dr. South; teaching appointment if desired; substantial 
mercial a pointment. S8-4 Medical Bureau, Inc., . Berman, Director, Willowbrook State salary. Science Division, Woodward Medical 
, Science Division, Burneice Larson, President, hey Staten Island 14, N.Y. 8/19 Bureau, Ann Woodward, Director, 185 North 
900 North Michigan Avenue, Chicago. : Wabash, Chicago. x 
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ili POSTTIONS OPEN iil 


Pern cop ea 
> MICROBIOLOGIST 


Ph.D. in Microbiology; experience in 
screening of compounds with anti- 
bacterial, anti-fungal, and anti-pro- 
tozoal activity including “in-vivo” 
techniques. 


DAIRY 
TECHNOLOGIST 


Ph.D. Dairy Technology. Conduct R&D 
on Dairy Industry Products. WILL 
HEAD UP NEW LABORATORY IN DI- 
RECT DAIRY PROGRAM. 5 years’ in- 
dustrial experience; specific experi- 
ence in starter cultures desired. 





» 


Salaries commensurate with 
experience and _ potential. 
Qualified individuals seeking to ac- 
celerate the pace of their profes- 
sional progress are invited to send 

résumés to: 


Professional Relations Dept. 

CHEMICAL 

NOPCO  comrany 
60 Park Place, Newark, New Jersey 
aT 





GROWING PHARMACEUTICAL 
COMPANY IS LOOKING FOR SEV- 
ERAL MEN TO FILL RESPONSIBLE 
POSITIONS DUE TO RAPIDLY Ex- 
PANDING RESEARCH PROGRAM. 


VIROLOGIST, Ph.D.—Prefer five years 

or more experience in virology involving 
tissue culture systems. Development work 
- virus vaccines. (Location—Swiftwater, 
a.) 


PHARMACOLOGIST, Ph.D. — Psycho- 
pharmacology and general with adminis- 
trative duties. Prefer recent graduate. 
(Location—Phila., Pa.) 


TISSUE CULTURE—Desire Ph.D. with 
five to ten years experience, preferably at 
supervisory level in field of cell metabo- 
lism. (Location—Phila., Pa.) 
RESEARCH MICROBIOLOGIST OR 
BIOCHEMIST, Ph.D.—Will work on all 
aspects of vaccine investigation. Should 
have some experience with various vac- 
cines. (Location—Swiftwater, Pa.) 
ASSISTANT VIROLOGIST — To assist 
in research and development of virus vac- 
cines. BS in microbiology or equivalent. 
Knowledge of virology required. (Loca- 
tion—Swiftwater, Pa.) 


Send Résumé and Salary 
Requirements to: 


Personnel Department 
THE NATIONAL DRUG CO. 
4663 Stenton Ave. 
Phila., 44, Pa. 





Positions Open 
Effective 1 September 1960 


Rates net—No agency commission 
No cash discount 


Minimum ad: 1 inch. Ads over 1 inch will 
be billed to the nearest quarter inch. 


Frequency rate will apply only to repeat 
of same ad. No copy changes. 














Hil] POStTIONS OPEN iil 








{jill SUPPLIES AND EQUIPMENT jij 





(a) Chief Organic Chemist to head new division 
and develop basic research program in field of 
polyamino acids at important research laboratory; 
additional teaching appointment at affiliated uni- 
versity if desired; South. (b) Neurophysiology/ 
Neuropharmacology Assistant Professor for medi- 
cal school with new 4-bed hospital; ample 
opportunity for independent research; $8000- 

0,000 year; South. (c) Sanitary Chemist as 
chief of environmental health section of state 
department and teach preventive medicine at 
assistant or associate professor level in university; 
mainly supervisory and development of new re- 
search program; $7000-$10,000 year up; Midwest. 
(d) Bacteriologist to supervise section and partici- 
pate in teaching program; 400—bed hospital affili- 
ated with leading university; $8000-$11,000 year; 
East. (e) Physiologist for university teaching and 
research; neurophysiology interest desirable; 
South. (f) Scientist with supervising ability to 
conduct tests in animal laboratory of commercial 
chemical firm; Ph.D. or M.S. in biochemistry, 
pharmacology, physiology, or biology preferred; 
$8000-$10,000 year; Midwest. (g) Zoology Pro- 
fessor for state teachers college; East. (h) Clinical 
Scientist, Ph.D. in biochemistry or bacteriology 
and administrative ability to head laboratory of 
expanding hospital; Southwest. (i) Zoologist quali- 
fied to teach and direct research and thesis at 
Ph.D. level at state university; Midwest. (j) 
Biochemist for drug metabolism studies and de- 
velopment of analytical techniques on new com- 
pounds for therapeutic utility; leading pharma- 
ceutical firm; East. (k) Research Pharmacologist 
with chemistry background for pharmacology 
research laboratories; East. (1) Biology Instructor 
or Assistant Professor to teach biology-zoology 
courses to undergraduates; independent research 
encouraged; $5000-$7600 year; Midwest. (m) 
Biochemist for studies on human brain develop- 
ment at leading hospitals with university affilia- 
tion; Midwest. (Please write for details; also many 
other positions available through our nationwide 
service.) S8-4 Medical Bureau, Inc., Science Di- 
vision, Burneice Larson, President, 900 North 
Michigan Avenue, Chicago. 





RETIRED OR SEMI-RETIRED? 


Writer with journalistic or editorial back- 
ground in biological sciences to prepare 
scientific news letter for annual retainer. 
Prefer resident of Northeastern United 
States. Reply Box No. 170, SCIENCE. _ 


The Market Place 


BOOKS + SERVICES + SUPPLIES * EQUIPMENT 


iil BOOKS AND MAGAZINES jill 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to — at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, ptt Bs 


SCIENTIFIC JOURNALS WANTED 


Sets, 

















Runs and Volumes bought at top prices. 
Your wants supplied from 
ever 3,000,000 periodicals. 
Magazine Service, N. * Ws 





our Back Files of 
Abrahams 








lll SUPPLIES AND EQUIPMENT i 

Do You Weed: 
Analytical Grade 

Ion Exchange Resins? 


(Prepared from Dowex Resins) 
ASK FOR PRICE LIST SM 


GETEED <aforaronies 


32nd & GRIFFIN AVE. « RICHMOND, stuns ast 








1919 - 1960 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 


Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 


Controls Handbook Dept. H 











SWISS MICE 





TACONIC 
ARMS 


NEW YORK 
















YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods a 
of all kinds for technicians and tissue a 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 











CAESAREAN-DERIVED 









CHARLES RIVER CD- 
Hypophysectomies 





Affiliate, The Charles River Breeding Labs 
1018 Beacon St., Brookline 46, Mass. RE 4-2000 


ANIMAL CAGES 


BUY DIRECT FROM MANUFACTURER 
SHIPMENT OF STANDARD ITEMS 
FROM STOCK 
HOELTGE BROS., Inc. 
1919 Gest St. Cincinnati 4, Ohio 
Write~ for Illustrated Catalog 

SERVICE SINCE 1856 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 


ELECTRIC 


LAB 
TIMER 


Giant 8” Dial 


























GRA LAB INTERVAL TIMER Automatic 
signalling and switching over unusually wide 
range of 3600 possible settings. 

GRA LAB MICRO TIMER 1/10 sec. or 1/1000 
min. stop clock. Remote start stop conte 


Write for catalog. 
COMPANY | 








DIMCO-GRAY 
DAYTON 2, OHIC 
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214 E. SIXTH ST., 
SCIENCE, VOL. 132 


THE ‘CHARLES RIVER MOUSE FARMS a 


> 




































Nc. 
, PA. 


TRIC 


3” Dial 


tomatic 
ly wide 








- 1/1000 


control. 


PANY 
2, OHIC 
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“Wit 
speculatic 


there is 
no good 
and original 
observation” 


— Charles Darwin, naturalist 


Man’s search for scientific knowledge and 
understanding has its taproots in the above 
thought expressed by Darwin in a letter to 
his distinguished contemporary, Alfred Rus- 
sel Wallace, in 1857. 


Speculation—intuitive contemplation 
guided by past discoveries—led Darwin to 
his famous observations set forth in Origin 
of Species. Similarly, it led Alexander 
Graham Bell to the invention of the tele- 
phone—and has since led to many major 
advances in electrical communications. 


At Bell Telephone Laboratories, the puz- 
zling flow of current in semiconductors 
provoked speculation which yielded the 
transistor—and a Nobel Prize. Speculation 
about the behavior of the electron led to ex- 
perimental proof of its wave nature—and 
another Nobel Prize. “Brains” capable of 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


guiding missiles and space probes first 
took form in the bold speculations of Bell 
Laboratories scientists. 


Today, Bell Laboratories scientists and 
engineers are more keenly aware than ever 
of the importance of speculative thinking. 
The far-reaching scientific and technologi- 
cal developments of tomorrow are already 
the subject of advanced research. Among 
them are radically new materials and de- 
vices—basically new switching systems, 
transmission via satellites, and waveguide 
networks able to carry hundreds of thou- 
sands of voices simultaneously. 


Through informed speculation about Na- 
ture’s laws, Bell Laboratories will continue 
to search for the “good and original obser- 
vations” which are so vital to the ever- 
improving Bell Telephone System. 















The AO Spencer Phasestar is the most versatile phase 
microscope ever developed. Beginning with a basic 
Phasestar stand, you can select from a wide choice 
of interchangeable bodies, stages, optics and phase 
accessories to make up the specific model that meets 
your exact needs...all in all, more than 50 possible 
combinations or models to choose from. And whatever 
the model you choose, you're assured of superior AO 
Spencer quality p/us matchless convenience, comfort 
and versatility. 

Often particular phase applications require specific 
equipment and phase contrast objectives. Before you 
select your phase microscope and accessories consult 
your AO Sales Representative. He’s qualified to help 


9) “American Optical 
We) Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


SPENCER 


offers you more! 


t . ¥ 
ee d y s : 
New Bertrand Lens Built-in Bertrand lens 
is now supplied as standard on all binocu- 
lar and trinocular Phasestars to provide 
new convenience. You slide lens into 
position in eyepiece tube and raise or 


lower to focus quickly on diffraction plate 
at back aperture-of objective. 


eg hi 





Inter 9 Bodies Your 
choice of interchangeable, rotatable, mon- 
ocular, binocular or trinocular . bodies. 
Simply loosen thumb screw to rotate (full 
360°) or interchange. Special inclined 
monocular body with vertical photo- 
graphic tube also available. 


Interchangeable Stages You loosen sin- 
gle set screw to remove and interchange 
stages... your choice of graduated or un- 
graduated mechanical or MICRO-GLIDE 
stages. 


you select the microscope and equipment you need to 
do the job. There’s no obligation, of course. 


AO SPENCER PHASE ACCESSORIES FOR PLATELET COUNTS 
The use of phase contrast 
for blood platelet counts Specimen Plone 
is increasing in acceptance 3mm 
and application. The (Air) 
longer working distance / U 
required with the phase 
hemacytometer can be 
obtained with special AO 
Spencer long working distance accessories that provide 
up to 7mm working distance in air or 10%mm in glass. 














ee ee ee Hy 


Dept. H-4 


O I would like to review a specific phase microscopy problem. | 
Please have AO Sales Representative call. 
-] Please send copy of Phasestar Brochure. 


Name _ 








City Zone State. 
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Address | 
| 
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